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‘But, meanwhile, I may most truly say that, if the crop or timber or fruit 
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convey the appearance of pests without wearisome description of details, all this 
would be a national benefit, repaying the outlay a hundred times.” 
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INTRODUCTION. 


A S Mr. Lefroy lias written this book largely at my instance, 
^ 1 wish to attach a few words in order to explain its 
scope. It is not a scientific treatise on Entomology, written 
for the use and training of Entomologists, bnt is intended to 
serve the more humble but useful purpose of a manual of 
practical information for the use of the intelligent agricul- 
turist in the protection of his crops from insect pests. It is 
also hoped that it will be suitable as a text-book for use in 
Agricultural Schools and Colleges, all of whose students 
should acquire a working knowledge of insect pests and of 
the practical measures possible for the protection of crops. 
With these objects in view, the author has avoided, wherever 
possible, scientific terminology, using simple English equi- 
valents which can easily be understood by persons with no 
scientific training in Entomology. 

The information available for a book of even this limited 
scope is very far from complete. A good deal of work 
has been done in the past for Systematic Entomology in the 
collection and classification of some groups of Indian insects, 
more particularly the Eutterflies, but it is only within the 
past few years that any real inquiry has been made into 
Economic Entomology, dealing with insect pests and their 
treatment. Eor this reason Mr. Lefroy would prefer to post- 
pone publication until the material at his disposal is more 
coiE;^ete, but I think first, that the information available is 
already of sufficient importance to give to the public, and 
second, that the best way of collecting additional information 
III to interest persons in that already acquired and to show 
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clearly tlio need for fnrtber help. T?or this purpose tlie many 
blanks in this book haye designedly been given prominence 
by the author in the hope that many workers will endeavour 
to fill them up by careful and intelligent study of insect 
life. The field for future investigation is unlimited. This 
book is a testimony to the strenuous efforts made during the 
past three years in this field by Mr. Lefroy, who is the only 
Entomologist in the Department of Agriculture. It is hoped 
that in the near future an entomologist may be employed by 
each important province for the investigation, prevention and 
cure of crop pests, but this will not lessen the need for other 
workers, whose assistance will be warmly welcomed by the 
Government Entomologist. If this help is freely given, I 
look forward within a few years to the issue of a revised 
edition of this book, in which still more useful information 
about insect pests may be given. 

E. G. SLY, 

Offioi ating lnsj)ector~G enercil 
of Jgrieulture in India, 


The hi May 1906. 



PREFACE. 


T he study of pests in India dates back twenty years to tlie 
formation of tke Entomological section of the Indian 
Museum, the commencement of Indian Museum JTotes, and 
the publication of Surgeon- General Ealfour’s little volume, 
The Agricultural Pests of India.’’ During this time a 
continuous effort has been made to classify insects injurious 
to crops, terminating with the work of the late Mr. L. 
deNiceville, the first Entomologist to the Government of India. 
It has fallen to me to gather up these records, to supplement 
them by observation in the field, and to put together briefly 
what is known of Indian pests. 

To any one familiar with the scattered records of Indian 
Museum Notes, such an undertaking was a necessary pre- 
liminary to further work and, above all, to the wider growth 
of the study of insect pests. Pew observers have contributed 
to our knowledge of insect pests in India, which is deplorable 
in so vast a continent where so large a population is depen- 
dent on agriculture. 

In the present volume I have tried to give a short 
account of the general features of the lives of insects, as well 
as the salient facts concerning our destructive pests. Those 
who wish for technical accounts of the anatomy and classi- 
fication of insects will find abundance of excellent books. 
We are here more closely concerned with their living 
activities and the part played by them in the reduction of 
the yield of the staple crops of the country. 

I trust that the book may be of service to many who are 
engaged in agriculture and horticulture. Insects are universal 
and quite interesting as soon as one ceases to regard them as 
mysteries. I cannot hope to emulate the living interest of 
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tlio iascct world as presented by but perhaps the 

necessary precision of thought and language in this yolumo 
may blend with his delightful pictures and help to give a 
true impression of our insect friends and foes. 

Much of the local information in this volume has been 
obtained from the many reports sent in at the instance of the 
Directors of Agriculture. In a country where nothing is 
outside the scope of official enquiry, much may be learnt 
from enquiries pursued by the Mamlatdar or Tahsildar, and 
especially in regard to the attitude of the cultivator towards 
his pests. My acknowledgments are due to the many dis- 
trict officials who have sent in reports of injurious insects 
and carefully collected information as to the remedies in use 
among the ryots. 

I am under a deep obligation to Mr. F. G. Sly, Officiating 
Inspector General of Agriculture, to whom the inception 
of the book is due, and who has endeavoured to bring the 
arrangement and text into the form most suitable for those 
for whom it is intended ; without this encouragement and 
advice, the volume could not have been produced in its 
present form. I have also to thank Mr. 0. A. Barber, Gov- 
ernment Botanist, Madras, and Dr. H. H. Mann, Scientific 
Officer to the Indian Tea Association, for valuable help and 
suggestions in the final preparation of the text. The illustra- 
tions are largely the work of the late artist in the Indian 
Museum, Babu G. C. Chukrabmdty, and these have in many 
cases been published in another form in the pages of Indian 
Museum Notes. Others have been prepared under my super- 
vision by H. H. Deboo, Chotalal Daulatram Shah and 
Eambhau Balajee, artists attached to the Department 
of Agriculture. The diagrams and photos are my own, 
and Mr. E. 0. Wood very kindly prepared the design on 
the cover. 

I am indebted to the work of my staff for many observa- 
tions ; the Entomological Assistants attached to the Depart- 
ments of Agriculture in the Punjab, Central Provinces and 



PRETACl. 


VI 1 


Baroda have added information concerning injurious pests, 
and I have incorporated their observations in some cases. I 
trust that many will be found to follow in their footsteps, 
to take np the study of insect life in relation to agriculture 
in India, and to devote themselves to this branch of research. 
It is certain that India should not be behind other nations in 
scientific knowledge, and that men can be found who will 
devote themselves to this form of learning, not for the sake 
of the pay or position, but at the bidding of that intense 
organised curiosity which hes at the root of modern science. 
I venture to hope that this volume may draw others into this 
work and open a new field for research. 

H. MAXWELL-LEBEOT, 

Imperial En tomologht. 
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Part I. 


INSECTS IN GENERAE 




CHAPTER I. 

INSECTS: THEIR STRUCTURE AND FOOD. 

T he word insects recalls tlie many familiar butterflies, beetles and 
other flying* or crawling creatm-es that are so abundant. The term is, 
however, very loosely used 
and includes many crawling 
creatures that are not insects 
in the strict sense of the 
word, and with which this 
volume does not deal. It 
is not easy to give a clear 
idea of the animals included 
in the great class Insect a. 

Excepting birds and bats, insects alone can fly; but only a proportion 
of the insects one commonly sees have reached the flying stage or 
ever fly. We must, therefore, look for better distinguishing characters. 
The legs will help us. A great host of small creatures that crawl 
on earth have distinct small jointed legs. One thinks of spiders, 
of centipedes, of millipedes, of scorpions, as well as of beetles, 

caterpillars and the 
like. Of these, in- 
sects have never 
more than three 
pairs of legs. A 
centipede with over 
40 legs is not an 
insect, nor is a milli- 
pede. A spider with 
four pairs is not an 
insect, nor is a scor- 
pion. On the other 
hand, a caterpillar 
is, though it seems 
to have many legs; 
actually it has three- 
pairs of little jointed 
1 



. FiO. 2. 

Slider — {not an insect). 



Fi&. 1, 

A. Millipede — {not an insect). 





2 INSECTS ; THIIE STRUCTURE AND FOOD. 

legs, but. also lias five pairs ot little sucker-feet to enable it to crawl 
along a leaf. Our insects then, if they have no wings, should certainly 
have not more than three pairs or six legs. They also have the feelers 
on the front of the head. 



Fig. 3. 

Typical Caterpillar, 

Baton the other band .there are maggots, for instance, tha.t have 
no legs. They look like worms, but are distinguished by many small 
points of structure. One can only remember that a maggot is one stage 
in the life of an insect and will become a fly with wings and six legs. 
There are also insects that have anything but the general form of 
insects; they are however rare, and if we keep clearly in our minds that 
spiders, centipedes, millipedes, scorpions and such -like eight or many- 
legged creatures are not insects, we are 
not likely to be confused. For those 
who want a more exact and scientific 
definition, there are excellent books 
on zoology and comparative anatomy, 
where the distinctions are expressed in 
more scientific terms. 

An insect^s body is completely 
clothed in hard durable mateiial within 
which the organs lie. This is not one 
continuous covering, but is formed of 
rings joined end to end by flexible 
connections so as to enable the insects Pio. 4. 

tocmwlandmoveabont. These rings “ 

overlap a little and so present an un- 
broken hard surface to the outside. Within this flexible tube of rings 
lie the soft parts, the muscles, nerves and all organs ; attached to it are 
the legs, wings, jaws, and other parts, ’ 






INSECT STRUCTURE. 


If we take a eaterpi1la,r and exa,inine it we find the following* parts : — 
The liead is vourided, broadly attacliod to the body ; tlic month is 
situated on tlie lowt'r side with a complex arrangement of jaws ; small 
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Fig. 5. 


eyes are set in a lialf circle on each side of the head ; and we may dis- 
cern a pair of small feelers called anUm(B. Behind the head are three 
segments (a rhig and the contents are called a Begment)) each having a 
pair of small jointed legs below : there are short or long hairs on each 
segment, and the first segment often has a smaU oval shield just behind the 
upper part of the Iiead. These three segments together form the thorax. 

Behind the thorax are eight segments (which form the aMomen), 




IlfSlCTS : THEIR STRUCTURE AND FOOD. 

and tlie last one or two which we may call the tail. These segments are 
nearly alike^ but the four in the middle nsually have a pair o£ small 
projections on wMch are hooks ; these are sucker-feet and there is a fifth 
pair on the tail. Each of the eight segments has a small dark spot on each 
sidcj and a similar spot is found on the thorax ; these spots are stigmata^^ 

or air openings^ which admit 
air to the system of air tubes 
inside the caterpillar^s body. 
The hairs or bristles found on 
the segments and the tail are 
not scattered hapha,zard, but 
arranged in a definite manner. 

These are the salient points 
that can be seen in any insect. 
In all insects the head^ the 
thorax and the abdomen are 
distinct; the head always bears 
the eyes, the mouth and jaws 
and the feelers {anteum) ; 
the thorax always bears the 
legs and the wings and is 
actually composed of three segments, though we cannot always see 
the division; the abdomen bears sucker-feet in some insects only and 
has a varying number of visible segments in dif erent insects. Stigmata, 
or air openings, are found in all insects, and usually are arranged as in 
the caterpillar. 

All insects have a more or less hard covering, which is composed of 
a substance known this is a nitrogenous material, peculiarly 

resistant to chemicals, which forms an impervious covering. The legs, 
antennae, wings and all parts of an insect are covered in it ; the thick 
hard wings of a beetle, the fine scales of a butterfly and the flexible skin 
of a caterpillar are largely composed of it. 

Speaking generally, the skeleton of an insect is this outer 
covering; there are no ^^bones,^' but a few chitinous supports of the 
internal organs. When an insect is killed and dried the whole body 
perishes except the chitinous covering, so that a pinned collection 
only consists of this dried eUtin, Such insects as have not a suffi- 
ciently thick covering must be kept in spirit, so that the internal 
organs may be preserved in order to maintain the natural form of the 
insect. 



Pig. 7. 

. Was^i showing the divisions of the hody 
in a winged insect. 


^igma, a spot j |>ltiral, stigmata, spots, 




Wings and mouth-parts. 


In disting'uisliing tlie different classes o£ insects^ it is necessary to 

look specially at the wings and the 
month-parts. In mature insects 
there are^ as a rule; two pairs of 
wings : the first pair (upper or fore- 
wings) attached above the second 
l)air of legS; the second (lower or 
hind wings) attached above the 
third pair of legs. In some insects 
the second pair of wings is not 
present or is transformed into 
a different structure. In a few 
the wings are never developed, 
the mature insect being wing- 
less or having imperfectly de- 
veloped wings. (Pigs. 16, 30, 40 
and 51.) 

The mouth-parts (jaws) of insects are the structures that surround 
the mouth and which are used for feeding. These structures are somewhat 
complicated and are specially formed in accordance v^ith the habits of the 
insects. Insects that 
bite leaves or green 
plants have short bit- 
ing mouth-parts, with 
cutting teeth; insects 
that attack other 
insects have usually 
long sharp jaws, suit- 
ed for grasping their 
prey ; those which 
suck the juice of 
plants have a slender 
tube-like beak, with 
sharp instruments for 
piercing the plant ; 
those also which suck 
the blood of animals 
or insects have a sharp tubular beak, as in the mosq^uito. It is important 
to be able to recognise the differences between these kinds. A few have 
mouth-parts not included in either of the above kinds ; thus the bees have 
very complicated jaws, which are fitted for lapping up the nectar in 



Fig. 9. 

Head of a Caterpillar) from beneath. 
(From Lyonnet.) 



Fig. 8. 

Fl^, to dioit) ilie second pair of 'icings 
reduced to balancers. 
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Fiq. 10. 

Three carnworous Seetles with long mandilles. 

flowers and also for biting* tbe butterflies and motbs have montli-parts 
formed like a long slender tube which can be stretched into the bottom of 
flowers to extract the neotai'. Figures 11—15 will show the appearance of 
these month-parts, and it is important to look always at the month-parts of 
msocts, since this at once gives a eke to the probable habits of the insect. 



HOUTH-PAKTS. 




..■a. 


Fig. 11. 

The hiiin.^ moiilh-jparls of a Crielcel. 
ii. UjJTsr li'i). b. The sfrov^ toothed 'mamlilles. c. The sensoru palps. 




FiS. 12. 

The hUing mouiTi-pc^ris of a Beetle, 

Upper lip. b. The strong curved mandibles, c. Thi, sensory palps. 



Fig. 13. Fig. U. "Pia IS. 

Idle siicJcing montli'parts The curl ed-Kp proboscis The ourled-up pro* 

of jbiptera. of a Butterfly. hoscis of a Moth . 
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The bodies of iasects are made up of muscles^ nerves, organs and 
other parts just as other animals are, and they live in a very similar way. 
The food taken in at the mouth passes into the stomach, and is digested ; 
the remains are excreted. The stomach and intestine form a plain long 
tube which passes from the mouth to the tail. The digested food passes 
into the space between the skin and the intestine, in which all the muscles 
and nerves lie; above the stomach and intestine there is a small heart, 
consisting of a long slender tube which pulsates and pumps the dissolved 
food forward over the head and all round the body ; this can be seen in 
many caterpillars, if the upper part of the body is intently watched for 
some minutes. In the body there are numerous muscles, which enable 
the insect to move. In the head there is a small brain, and running down 
the lower side of the body there is a double cord of nerve tissue, with little 
swelhngs in each ring. This cord is like our own spinal cord, and from it 
nerves go to all the parts of the body. Insects have nerves similar to our 
own though on a simpler scale. Besides these organs, the perfect insect has 
reproductive organs, male or female. These open at the hind end of the body, 
just below the opening of the intestine. In many insects the female has 
attached to the hind end of the body a special instrument for laying eggs ; 
the sting of the bee is really the egg-lajdng instrument ; in some insects 
this structure, called an ovipositor , is very large and conspicuous (fig, 52 ). 

Insects have senses and sense organs which we may compare with 
those of other animals, though we cannot pretend to understand them. 

Eyes take the form either of a pair of large conspicuous structures 
on the side of the head or of several small points on the upper surface or 
side of the head. The former, known as compound eyes, we may consider 
as hundreds or thousands of small eyes united to form a single complex 
structure ; we can see these separate small eyes which give the whole eye 
a honey-comb appearance. The latter, known as simple eyes, are found 
in caterpillars and other immatm’e insects, which do not have compound 
eyes, and also in many mature insects in conjunction with compound 
eyes. The caterpillar has five or six such eyes on each side of the head ; 
the grasshopper has three only, some bugs have two, and many insects 
have none. The function of eyes is not clearly understood, but it is 
believed that the compound eyes are as efficient as our own eyes, and that 
simple eyes perhaps serve to distinguish light and shade or act in some 
such simple manner. 

Organs of hearing arc present probably in many insects, but definite 
organs similar to our ears are known only in the grasshoppers and their 
allies. Many other insects probably hear sounds, since many of them 
also make sounds, but it is not certain what is the organ of hearing. 
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The sense of smell is also probably present, and is believed to lie in the 
antennae. Some insects [e,g,j locusts) can almost certainly smell water, 
a feat we are incapable of because our olfactory organ is always damp. 
Others can certainly smell flowers, carrion, etc., and their sense of smell 
is probably far keener than our own. 

Taste is believed to be a sense functional through certain organs in 
the mouth-parts. 

Touch is another sense probably connected specially with the anteniiie 
and the little palps on the mouth-parts. 

Other senses that we do not now use certainly occur ; possibly we 
were once possessed of the sense of direction,^'’ as many insects are 3 
other obscure senses we are able dimly to perceive only after a close study 
of the habits of insects, although we cannot connect any special sense 
organs with them. Among these we may include the very peculiar sense 
shown in the phenomenon known as assembling.'^'’ It is known that if 
the females of certain moths are exposed in a cage, the males of those 
species will come in numbers and from considerable distances. These dis- 
tances in some cases extend to several miles. By what sense the males 
become aware of the presence of the female is not known. The pheno- 
menon is utilised in the rearing of wild silk moths in India, the reared 
female attracting the wild males from the jungle. 

It is impossible to discuss the senses of insects in further detail in 
this book. Man cannot hope to comprehend them. The fact that a 
butterfly knows by instinct the plant on which its young will feed 
seems marvellous when we recollect that the butterfly could not remem- 
ber what it fed on as a caterpillar, the metamorphosis having come after 
its caterpillar stage and obliterated its memory of larval life. There are 
countless instances of this kind, and we can only study the activities of 
insect life with admiration at the wonderful instincts*’^ and senses with 
which they are endowed. 

Among other curious phenomena may be marked the formation and 
migration of swarms of insects, such as locusts. This phenomenon is also 
little understood j it occius in a small number of insects belonging to 
different families. The locusts arc the best known instances in India, 
two kinds of which move in swarms over many hundreds of miles. It 
occurs also in moths, butterflies, dragon-flies, in the larvae of certain flies 
and in] caterpillars. Large numbers of these insects gather together, form 
swarms and migrate from place to place. This phenomenon probably 
originates in the necessity of moving to fresh places in search of food. 
Insects which multiply very rapidly into enormous numbers may have 
found it a necessity to move often, the habit thus becoming a settled one. 
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INSICTS : THEIB STltUCTtFEE AND FOOD. 


Food, 

From the moment that an insect hatches^ its first task is to provide 
food by its own exertions ; it has also to escape the enemies and dangers 
that surround it j lastly^ it has to lay eggs in the proper sitnation and in 
some cases must provide for the young. These are the three prime neces- 
^sities of the insecFs life^ and though in many cases it is possible that the 
gratification of a taste for other pleasures is an object in life^ we may 
interpret the aetivitiesj the form^ colour and structure^ even the life 
liistory of insects in terms of these three 
principal needs. 

The food of insects is extremely diverse, 
and it is not always clear how they are able 
to extract the requisite amount of nutriment 
from the substances they consume. We may 
at once abandon the idea that nutrition is 
comparable to that of domestic animals. 
Digestion, nutrition and respiration are very 
different in insects. What proportion of 
proteids, carbohydrates and fats is necessary 
cannot be stated. The amount of food or of 
air necessary to existence may be reduced 
to very low limits since insects are not 
warm-blooded; in the absence of muscular 

Wingless Ferfeci Insect : the activity there is probably uo wastage of the 
insect lives on the surf ace of t/ie . i.- p 

sect and has no need of wings, tissues, no consumption oi oxygen, no 

{I^rom Distant) elimination of water or of waste products. 

The amomit of food or oxygen assimilated may be measured by muscular 
activity and may cease entirely when this ceases. Bearing this in 
mind, we need not be astonished at the insects which live solely in 
dry wood, in burrows without access to the air, or which feed solely on 
chillies, opium or tobacco. Such insects do not drink, they simply eat, 
and we are entirely ignorant of their digestive and nutritive processes. 
Nor is it astonishing that many insects can live for many months 
without food. 

Most insects live on land, a few on or near the sea, many in fresh 
water. Marine insects are few; some in the sea itself, some on the 
surface, a larger number on the beach or in rock-pools. Eelatively, the 
number is very small, and sea water presents an almost impervious 
obstacle to insect life. Fresh-water ponds, streams, tanks, and other supplies 
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oi water teem witli insect life. Their habits are of great interest, and the 
devices with which they supply themselves with air are amazing' in their 
diversity and ingenuity. Unquestionably the aquatic insects are descended 
from air-breathing land insects, and for every species the problem of 
extracting air from the water or of drawing a supply from the surface 
lias been solved in a more or less ingenious manner. These insects, liow- 
over, form a division apart, cut off by their diverse habits from the insects 
living on dry land. 

The vast majority of insects live on the land, establishing them- 
selves in every possible situation, with the most diverse occupations and 
methods of obtaining a living. At this period of the eartlds history 
they are the dominant group, the most successful and prosperous, taking 
toll of all other creatures. In number of species, in actual numbers or 
bulk, in the sum total of their activities, they outweigh all other forms of 
animal life at present on the earth. The extraordinary diversity of their 
habits and food, their rapid multiplication, their small size, their varied 
powers of locomotion, of offence and defence, and the marvellous instincts 
and senses with which they are endowed, all these serve to put them 
above other forms of animal life. Man prides himself on conquering 
nature, on being the highest expression of animal life, the crown of crea- 
tion : a dispassionate examina- 
tion of insect life reveals 
that even man^s powers are 
as nothing to those of insect 
life, his senses weaker, his 
sociology and conduct of life 
far inferior to that of the social 
insect, and he himself com- 
paratively lacking* in the 
exhibition of altruism and right 
conduct shown by an insect. 

Insects are small and their 
domination is not apparent; 
but they have established 
themselves in every nook and 
corner of the earth, deriving 
their food from a vast number 
of sources. Many feed on 
plants, living in every part of 
the growing plant, from the fruit to the roots ; eating the flowers, boring iii 
the stem, mining in the leaves ; they devoui* the leaves, destroy the bark and 
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eat the roots ; they suck out the sap and live as parasites upon all parts o£ 
the plant. Perhaps oiie-third of the total number of insects live on plant 
life directly^ thus constituting one big division called the Herbivores, 

There are others which live on the dead or decaying plant; on dead 
leaveS; on rotting fruits, on dry timber. Any vegetable tissue that is no 
longer alive and growing furnishes food to this division. We may 
include with them the feeders on decaying animal tissue, such as the dung 
feeders, the carrion beetles, the corpse bmiers. We may term them all 
Scavengers^ since they, with the bacteria and fungi, cleanse the earth 
of its rubbish and convert it into good plant-food again. They also 
form a large division, not less important but far less visible to us, work- 
ing in the dark and in hidden places. 

As the plant world furnishes food for so many insects, so also these 
insects in turn are fed on by others, and we find a very large division 
which get their food from the herbivorous and scavenging insects or from 
each other. These work in two ways, by preying upon insects and eating’ 
them bodily, as a tiger eats a cow, or by living within their bodies 
parasitieally, as a tapeworm lives in a horse. The former, the Predators, 
we see daily at work and we may compare them with the many insec- 
tivorous birds. The latter, the Parasites (Ichneumons and flies), are not 
less numerous and abundant ; their larv« live in the insect, absorbing the 
food laid up by the host and gradually killing it. The two groups 
together check the immense increase of insect life and form the third 
great division. 

There are also a small number of insects that live parasitieally in or 
on warm-blooded animals. They feed on the blood of man, cattle, wild 
beasts, birds and other animals, or live parasitieally within their bodies. 
They form a small division. 

There are lastly the insects which have found that man offers many 
comfortable homes in his houses and buildings ; they live upon grain, 
flour, drugs, all manner of produce and household stores ; they inhabit our 
houses, deriving a precarious existence from what they can pick up. 
These are the household pests ; they have been carried in ships to all parts 
of the world and established themselves wherever man is. This division 
is not large or very important but an aberrant and distinct offshoot from 
the great scavenger class mentioned above. 

We have now included practically every insect in our divisions, and 
if we subdivide them, almost every species whose habits are known would 
fit in. W e sec the part each plays in the great cycle of life. The herbivores 
feed on the plants, which build up organic matter from the soil and air 
under the influence of the sun. These herbivores build up the plant tissue 
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into more complex organic compounds and in turn supply food for others. 
The scavengers feed on the decaying plant life and animal life; clearing 
the earth of decaying refuse, making it clean and sweet ; eventually they 
die and the whole mass of organic material breaks up into the compounds 
available for plant life. The parasites and predators feed upon the living 
insects, cheeking the increase of both herbivore and scavenger, so that 
the destruction of living plant life by herbivores can then never go 
beyond a certain point, the balance thus being maintained. We are in 
this volume mainly concerned with the herbivorous insects, those which 
feed upon the living plant. They are largely injurious to man, though 
9, Iso beneficial. We cannot neglect the parasites and predators, for in 
actual work we meet them at every turn ; the part they play is not very 
evident, hut the practical study of pests requires that every student of 
agriculture should be familiar with them and recognise them almost at a 
glance. The scavengers are not of direct importance and we see them 
but little ; grain and household pests are of direct importance to man as 
also the insects parasitic upon cattle and warm-blooded animals. 

Food Plants. 

Caterpillars and other herbivorous insects may have one, a few, or 
many plants on which they can feed and thrive. Evidently an insect 
that can live on a variety of plants has an advantage over one that lives 
only on one or a few, and injurious insects are largely those which have 
a great range of food-plants, enabling them to spread widely, to increase 
abundantly, and to find food when crops are not available for them. The 
list of injurious insects is nearly synonymous with the list of insects 
having many food-plants. 

In general, insects feed upon one or more closely allied plants ; thus 
cotton pests are found also on hJiinda and other species of Hihiscusj cane 
pests on maize and sorghum, and so forth. In other cases they feed on 
plants which hear similar fruits j an insect that eats the oily seeds of 
cotton will perhaps feed on the oily seeds of other plants not closely allied 
to cotton. 

The food-plants of some species, the gram caterpillar, are to he 

numbered in scores. The food-plants of others are few, and there are 
insects, for instance, which can feed on certain varieties of cotton and 
not on others. The composition of the tissues of the plant probably 
determines its suitability to insects, and some plants appear to have no 
pests. Plants protect themselves in various ways, but insects in their 
turn seem eq^ually to accustom themselves to the oilS| alkaloids^ hairs, 
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thorns, etc., with which plants have tried to render tliemselves safe, 
Modern science has not yet discovered any method of altering tlio com- 
position of plant sap so as to render it distasteful or poisonous to insects. 
When this subject has been mastered, we shall be in a position to deal 
more successfully with insects by purely preventive methods. 



CHAPTER 11. 

LIFE HISTORY AND HABITS. 


I NSECTS pass througli various elianges duriag their lives, changes of 
form, habits, structure and the like ; these transformations are in 
many cases very great, being the most striking characteristics of the life 
history of insects. Whilst the life history is essentially the same through » 
out large groups of insects, it is not exactly the same in any two species, 
We can give here only a very brief outline, but fuller details will he found 
in the later sections. 

Insects are hatched from eggs, which, though smaller and di:fferent 
in appearance, are essentially similar to those of birds. These eggs are 
not cared for by the parent insect, but are laid in such a position tliat the 
young when they emerge will find suitable food. 

From the eggs hatch out tiny insects which are usually able to feed 
almost at once and begin their active hfe without delay. Tliey feed 
voraciously and rapidly grow larger. Their ehitinous skin will, however, 
not stretch and permits of growth only to a certain limit j when this is 
reached, a new soft skin is formed under the old one ; the latter splits 
so that the insect crawls out with only the new soft skin ; the insect at 
once expands, the new skin liardens with the result that our little insect 
is suddenly twice its previous size and perhaps 
very different in appearance. Growth again 
continues until the insect is too large for tlie ; 
second skin, when the process is repeated and ' 
a fresh moult undergone. _ The skin is thus 
shed periodically until the insect attains its 
full size and mature form. At every moult 
the appearance of the insect changes ; it may 
be a minute change in appearance with a 
considerable change in size, or it may be a corn- 
change of form, with change of habits 
and structure. The number of moults varies 
from two to twenty or more, but is generally 
about five to seven. 

These changes form the essential part of 



the life history of ' insects. We can now 

examine in detail the nature of the chinges , 

- • p • j '99'^ of a Butterfly } natural 

Tindergone in the great groups ot insects. , ^ize on a leaf and enlarged. 
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II we catcli a female butterfly, for instance, the very common one that 
is figured (fig. 24) and keep it in a suitable cage, it will lay eggs. These 
eggs are shown in figs. 19-20 much magnified, and in another figure 
(fig, 18) are shown the eggs of another butterfly both magnified and 
natural size. The eggs are small white seed-like things and laid singly 
on the leaves of a plant. If we keep these eggs, they will presently 
hatch into caterpillars (fig. 21) ; these are somewhat worm-like in appear- 
ance, with legs and sucker-feet, totally different from the butterfly 


1 ^. 







Eiu. 19. Fig. 20. 

Butierfy Byg, {Magnijied) "Egg after Caterpillar leaves if, {Magnified) 

in habits and structure. These caterpillars eat the leaves of the 
plant and moult as they grow larger j at each moult the colour 
changes very slightly, and the caterpillar comes out much larger. There 
are five such moults, and at the end of twelve or fifteen days the caterpillar 
has attained to its full size (fig. 22). It now ceases to feed, becomes 



Fig. 21. Fig. 22. 

Young Caterpillar. Full grown Caterpillar. 

uneasy j it is preparing for another moult. To do this it fastens a small 
pad of silk at some point on the leaf of the plant, and fixing the hooks 
of its tail sucker-feet in the silk, hangs itself head downwards from the 
pad of silk. The skin bursts and is thrown off and the insect is seen 
hanging from the leaf. It is now completely changed in appearance and 
is called a chrysalis jMt is a rounded, green object, with pretty gold 
markings (fig. 23) ^ there are no limbs, no mouth, no eyes ^ spiracles alone 
can be seen. Tins curious creature hangs motionless from the plant for 
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six dayS; taking no food and appearing to bo asleep. At the end of six 
dayS;, the outer skin hursts, and a large insect comes out. This walks 
feebly about for a few minutes whilst its large wings expand and 
spread out ; these ■ wings become 
firm and stiff and we see that 
it is the butterfly again (fig, 

S4) similar to the one first 
caught, This butterfly will fly 
away, mate and again lay 
eggs, which will again hatch to 
caterpillars, the cycle beginning 

This is a very short descrip- 
tion of what occurs in the life 
of this butterfly and similar 
changes take place in the life of every butterfly. We see in it four 
stages — the egg, the caterpillar, the chrysalis, and the butterfly. 

During the egg stage the caterpillar is formed from the germ; 
the caterpillar feeds, grows larger and moults; at each moult there are 
only small changes, and during the growth in size, covering five moults, 



Chrysalis of the Butterfly 



Fig. 24. 
Butterfly, 


the insect changes but little; its whole business is feeding, growing 
larger, and laying up a store of f^t, WJien tjie caterpillar is full grown, 

9 
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tlie big change takes place ; for this it prepares by hanging itself in a 
convenient place^ out of the way of enemieS; etc.^ and becomes the 
chrysalis. During this period an internal transformation takes place 
and the tissues of the caterpillar build up the butterfly. There is no 
process akin to this in any domestic animal witli which wo are familiar ; 
every part of the caterpillar is built up anew; the internal organs are 
remodelled; wings are formed; long legs take the place of the short 
caterpillar legs ; the biting jaws of the caterpillar have been thrown off 
and the long tubular proboscis of the butterfly is formed ; new compound 
eyes are formed; new sense organs appear. Further the entire repro- 
ductive system of the butterfly is built up and formed. Only the 
beginnings of a reproductive system are to be found in the caterpillar, but 
a more or less complete and complex system of reproductive organs, male 
or female, is formed during this stage. When, at the end of six days, 
the butterfly within is fully formed, it emerges ; the skin is soft, the 
wings soft and folded up ; in a short time the wings expand, become 
bard and dry ; the body takes on firmness, the legs become stiff, and the 
butterfly is ready to fly away, with new senses, new instincts, to suck 
the nectar from the flowers, to find its mate and to flutter g’aily in the 
sunshine — a change as great as we can imagine from the crawling 
caterpillar that hung itself up six days before. 

The life of all insects is not exactly similar to that of the butterfly, 
and we may take the life of a grasshopper as an example of what changes 
take place in some other insects. 



Fiu. 25. 
mass detached. 


25. 

JEgg mass in ground. 
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Tlie female grassliopper lays amass of eggs (figs. 25^ 26) in tlie giound 
and shortly after dies. These 
eggs lie in the ground for some 
weeks and presently each splits 
and a young insect comes out. 

This young insect is very small, 
about twice the length of the 
eggs, and very active. The 
general form is like that of the 
parent ; there are the long legs, 
the hind pair very large (fig. 27), 
and the head like that of the 
grasshopper with similar antennae and jaws. But there are no wings and 
the little insect can only leap. It is also quite distinct in colour. It feeds 
upon green plants just like its parents did and grows larger. Moults take 
place as in the caterpillar, and at every moult the insect comes out larger 
and somewhat differently coloured. At the fourth moult (fig. 28) two 
lobes appear at the upper side of the body, on the second and third 
segments of the thorax, above the second and third pair of legs. At each 
later moult these grow larger until with the sixth or seventh, they take 



the form of the large perfect wings. Our grasshopper (fig. 29) is now 
full grown and moults no more. It has perfect wings, a fully 
developed reproductive system, and will presently mate, lay eggs and die. 

This life history is a great contrast to that of the butterfly; the 
young is like the parent in general form, feeds in the same manner and 

q ? 



Fig. 27 . 

Yotmg InsGd, 07 ie clay old. {Maynijiecl five 
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lives a similar life. At each moult it grows larger and gradually changes, 
almost imperceptibly, till it is full grown. There is no caterpillar, no 
dry Balls; there are no sudden changes at any moults ; the wings grow 
slowly; the reproductive system is developed gradually; there is no 
period of rest, and the insect feeds at every stage of its life. We may 
concisely state that whilst the grasshopper develops gradually, the 
butterfly does so suddenly. The sudden change from caterpillar to chry- 
salis, and chrysalis to butterfly, is one distinguishing feature ; this is 
called the m&tamorpliosk, and all insects which pass through these 
changes are said to have a metamorphosis.^^ It is a convenient word 
which expresses the facts that (1) the young insect is totally unlike the 
mature insect ; (2) between the two is the resting stage similar to that we 
call eJiryBalis. We might divide all insects into two groups, those which 
are caterpillars and chrysalides before they become butterflies, and those 
which change gradually and slowly till they become grasshoppers. 
The first have a metamorphosis, the second have none. Speaking gen- 
erally, all insects belong to one group or the other. They either have 



metamorphosis and pass through four stages, viz^y (1) the egg ; (2) a 
stage like the caterpillar (called larva ) ; (3) a stage like the chrysalis 
(called p'U,p() ; (4}) the mature stage like the butterfly (called imago ) ; or 
they have no such distinct stages but commence as eggs, pass through 
a series of gradual changes during which we may call the insect a nympTiy 
to the perfect insect, called the imago?- 

It will he seen that we have here a character that sharply divides all 
insects into two groups. There are some insects which have a partial 


Larva, plural larvm ; plural imago, plural imagines ; nymph, plural 




ineiamorpliosis and wliicli are really intermediate between these two 
groups; but they are not common and we arc unlikely to meet with 
them. We shall find large and distinct groups of insects which have a 
metamorphosis^ and equally large and 
distinct groups which have none ; 
every student should know at once 
whether an insect has or has not a 
metamorphosis. 

Before proceeding to the next sec- 
tion, we may draw attention to a 
few points. 

All perfect insects, i.e.y ima' 
ginesj have wings, or should have ; 
there are many exceptions to the Pig. so. 

rule and in many insects the wings ^ imigUss matwe Coclcroach. 
are not fully developed. This is more common in insects which have no 
metamorphosis than in those which pass through the pupa stage. 

Such insects which look immature can be known as mature if seen 
coupling. None hut imagines, i,e,, perfect insects, can couple or reproduce. 

On the other hand, any insect with fully developed wings, with 
wings with which it can fly, is an imago and will not grow any more. A 
small flying grasshopper cannot be a young locust or become anything 
else. A small beetle cannot grow into a large beetle. Whatever its size, 
a winged insect is full grown and will not do more than lay eggs. This 
is an absolutely invariable rule. 

In later paragraphs, the life history is stated in greater detail and 
some of the many exceptions to general rules are discussed. In entomo** 
logy, as in all other branches of biology, the general rules are abundantly 
proved by their exceptions. There are very few general statements that 
can he made to which there are not many exceptions. We can say 
generally that all insects are hatched from eggs, but there are Very 
numerous exceptions ; equally we can say generally that mature insects, 
like other creatures, are of two sexes and that the process of reproduction 
is dependent upon both sexes ; even this statement is not true of all insects. 
It is necessary to guard against hard-and-fast rules and generalities 
in dealing with insects ; they are valuahle as aids to memory and the 
imagination, inevitable in class rooms and hooks, hut they must be carefully 
used outside the class room. Nature has no cast-iron rules, and the more 
we study nature the more we find an infinite variety that laughs at our 
generalisations. One group shades into another ; the habits of one class 
are linked to those of another hy insensible gradations ; no two species 
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are alike in form or liabitS; so that we must have a clear coiieeptioii thaf 
we are not in a world of clear-cut definitions and distinctions but in one 
whose first charm lies in its infinite variety. 


Eggs. 

Insects are not produced spontaneously from plants or from dirt^ but 
arise from eggs laid by the parent insect^ or, in rare cases, are born alive. 
No case is known of insects having been produced in any other way, and 
in tracing the life of an insect we may commence from the time the parent 
lays the egg. Insects often appear suddenly in great numbers, and ignor- 
ant cultivators believe that they have fallen from the sky or are due to 
a change of weather or some similar cause. Tlie appearance of an insect 
in small or large numbers is not a supernatural phenomenon and can only 
be caused by the parent insect having laid eggs or produced living young 
in or near that spot at some earlier time ^ the eggs may not have been 
seen and may have been there for several months, but in every case if we 
could go back far enough we could trace them to the parent insects. 
Eeproduction in the insect world is a process similar to that of the higher 
animals aud no more mysterious; it depends upon simple causes which 
are fully capable of investigation and di:fiers but little from those which 
bring about reproduction and multiplication in other living creatures. 

In almost all cases, the eggs are produced after the mating of the 
male and female insects ; there are a few groups of insects in which 
males occur rarely or not at all ; the females then produce eggs or living 
young without the co-operation of the males, but this is confined to a 
small number of insects and in them occurs regularly. If a bred female 

moth is kept alone in a cage, she 
may lay eggs, but they are imperfect 
and do not hatch ; an aphis, on the 
other hand, may produce eggs or 
living young without any male being 
present, many successive genera- 
tions being thus produced without 
the intervention of any male. In 
some groups, insects are born alive. 
In the aphides this is the normal 

XJLU. OX, 

Cooh'oach )gg case, {Magnified.) process during part of the year, no 
eggs leing formed, hut the virgin female producing living young. 

In some flies, the female carries the fertilised eggs within her body 
awaiting a suitable opportunity to lay them on sufficiently decayed matter;, 
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and these eggs often hatch before they are laicl^ the fly then depositing 
living maggots. These phenomena occur rarely in othei* insects^, being 
exceptions to the almost universal rule that insects hatch from eggs. 

Eggs are usually laid where the young will find abundant food and 
are then abandoned by the parent. Exceptionally the parent cares for 
and watches over the eggs ; this is the case also in social insects^ but the 
eggs are then more usually looked after by special individuals and not by 
the parent. In most cases the parent dies soon after the completion of 
egg-laying and the young that hatch live an independent life from the 
moment they emerge. The beautiful instincts of the digger wasps are 
perhaps the best instances of maternal care for the young (see page 271). 

The number of eggs produced by the individuals of any one species 
is usually fai]‘ly uniform, hut varies very much in different species. The 
large Six-spotted Ground Beetle (fig. 3d4) produces one large egg at a time 
and produces only a few in its life ; other beetles produce them singly and 
generally lay only a comparatively small number, but the tortoise beetles, 



"Egg case and ycimg of Mantis, the latter magnified, 
for instance, produce many and may lay them in beautiful egg cases. 
Generally beetles^ eggs are laid singly and are hard io find, Moths lay many 
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eggs, usually upwards of one hundred, in clusters or masses. Butterflies lay 
them singly and in great number. The queen-bee produces a vast number 
of eggs, laying them singly in the sijecial cells. The locusts and larger 
grasshoppers lay about one hundred eggs ; the smaller grasshoppers 
some fifty or so. The Neuroptera lay many eggs, as do the Ortlioptera} 

It is probably correct to say that insects which are exposed to 
enemies lay many eggs to allow for the inevitable destruction of the 
majority of the young, whilst safe forms, which live in hiding or are 
exceptionally well protected from dangers and from enemies, lay a few. 
The form of the eggs varies very much in different families. Cock- 
roaches lay eggs (fig*. 81) in a single case of peculiar form, as do the 
mantis or praying insects (fig. 32). Stick insects drop, one at a time, 
peculiar seed-like eggs with lids. Locusts and grasshoppers lay a mass 
of long oval eggs in the ground and green grasshoppers lay them in the 
tissues of plants. The eggs of the 
Lace wing (fig. 382, page 274)) resemble 
grains of rice and are set each on a 
stalk ; many other Newroptefa lay masses 
of eggs in fresh water. The eggs of 
Eymenoptera are small, soft, white 
bodies, sometimes stalked. Butterflies 
lay round seed-like eggs, beautifully 
ribbed ; moths lay similar round or flat 
eggs usually ornamented or marked. 

The eggs of the common flies are cigar- 
shaped, deposited singly or in masses. 

Bugs often lay neat cylindrical eggs with 
lids, depositing them in batches; the 
eggs of the Eed Cotton Bug are round 
and yellow, laid in the soil, whilst those 
of the Dusky Bug are cigar-shaped and S3, 

laid in the lint of the cotton. With such ^ '''' 

infinite variety, general statements can be accepted only with great caution. 

The period during which the egg remains before hatching varies 
immensely according to species, climatic conditions and other factors. 
The eggs of butterflies hatch in a few days, as do those of mosquitoes ; 
the eggs of moths hatch very quickly in warm damp weather, but dry 
cold will delay them. Many insects^ remain from October or 

necessary to use scientific words to designate groups for which ttere are no 
English equivalents. The reader will find the explanation of these words on pages 52 — 
54.— ‘[H* M.-L.j 





November to tlie following rains. The Kicc G^asslloppe^^s eggs 
normally stay in the ground for eight months^ but will hatch earlier if 
kept wet. The degree of moisture and heat have a great influence on 
tliis period, and little is yet known of the influence of climatic changes on 
insect eggs in India. 

Larval Life. 

When the larva is formed inside, the egg breaks and allows it to 
emerge. There are special devices for securing the ruptime of the egg at 
the right time, which deserve study. Many caterpillars at once eat the 
eggshell and then start feeding on their food-plant. As a rnle, larvae 
develop rapidly with a plentiful supply of food and proper conditions. 
The temperature and degree of moisture play a great part in the growth 
of the young larvse. Feeding is the sole important business, and growth 
is rapid. Moults occur as necessary; caterpillars shed their skins five 
times as a rule ; grasshoppers do so five, six or seven times ; the silkworm 
does so four times. Many bugs do so five times, though the Mealy Bugs 
and Scale Insects have only two or three moults. Some aquatic insects 
moult as many as twenty times. 

Though the process of moulting is necessary to allow of continued 
growth, it has also a physiological reason. The chitinous matter thrown off 
is nitrogenous and it is probable that the nitrogenous waste products of the 
body are eliminated in this manner ; insects have no organs which correspond 
directly to the Iddneys of the higher animals, and a part, if not all, of the 
nitrogenous waste matter is excreted and periodically shed as chitin. 

With each moult the form and colour change slightly or greatly. It 
must not be taken for granted that the number of evident colour changes 
and the number of moults are synonymous. We cannot, for instance, 
collect a great number of the young of a grasshopper, sort them into 
groups according to size and colour, and then say that each group is the 
result of one moult ; the changes at one moult may be very slight, though 
far more striking at every other moult. Moulting is not such, a- regular 
automatic process that all individuals of a species have actually the same 
number, and it has been found that grasshoppers from the same batch of 
eggs take six, seven or eight moults to attain maturity. 

Larval life may be very short or very long, depending upon the 
habits of the insect, as well as on climatic and other conditions. Generally 
speaking, development is more rapid in hot weather, slower in cold. There 
is an optimum temperature, the temperature at which development is 
most natural, which climatic conditions retard or hasten. There is also an 
optimum deg'ree of humidity, varying for each species. A rise of tem- 
perature above a certain point or a fall below a certain point may almost 
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or entirely suspend Yital nclivities temporarily, and this is diTtomiiu’d l»y 
tile eireiinistanees under wliieb each species lives. 

General statements arc nearly impossible ns tliev are ('(‘rtoin (o (‘uiivi'y 
false ideas. Throiigdiout it must be remembered tbaf every speeies of in- 
sects is distinct from every otber species in habits, and that e\er\ speeii‘s 
has as mncb individuality as each buman lunni**, no two specit's living* 



Fig. 31 

Cicada, sli^Iiil^ enhu't/id, 

iiiuler identical conditions. We can go mncb furtbm* than tliis; sii 
even species are not 'vvcll marked and shade imperceptibly into one anotbm*, 



Fig. 3g. 

A Eairy CaUrpillar, and Us ^tipa tciih iU eocoanfomed af silk ami kaii's 
the caterpillar lefcre it leconm 



Fm. 3G. 

Weevil, and the case from -which il e inert/ es. 



Fia. 37. 

The Manfwi Weerfl, and the ease of twisted 
fbres from which it emer(/e&. 


but if "we axe to Iotg dear 
conceptions of iuseets^ aefci- 
vities, ive must thiiilc of 
each species as disfcinot, so 
distinct that exen "we can 
see the difierences. 

Subject to this^ "we may 
say that cold reta.i:ds the 
development and activities 
o£ insects; even the cold of 
the plains sends many in- 
sects into a torpid conditioiij 
this hibernation lasting* for 
periods that vary accord- 
ing to the lowness of the 
temperature. Equally, laeh of 
food, dry air, and intense heat, 
compel the majority of iixsects 
to be dormant in some form for 
some months of the year. This 
is dealt with subsequently. The 
periods of larval life ma^y he a 
few days as in many dy nag-gots, 
a few weehs as in most moths, 
beetles, etc., or a tew ot many 
months, as in many beetles, The 
Cicadas probably live far longer 
as nymphs, one American, species 
living seventeen years niider- 
ground before becoming an 
imago. 

Pupal Life* 

The pupa being inactive and 
helpless is usually concealed or 
protected from enemies. In 
H^memoptera it is commonly 
encased in a silken coveiing, in 
a cell, a nest, or in the ground. 
In Coleo^^tera a silken cocoon is 
never formed, though approaches 
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to it axe known; the pnpa is commonly iu the gTouud iu im eartluoi 
or in the burrow of the larva or in a tough case on a plant. .Many have 
naked pnp^e fastened to plants. The eases they make are of t wistih (ibr<‘s 
{hg. 37) as in the Palm Weevil (%. 21/7), of exereineut (jig. 3hJ as in 
some leaf beetles and weevils^ or of secretion produced by the larva- (sonu* 
weevils). The butterflies have suspended pupie, fastened to plants^ often 
of peculiar form with resemblances to torn leaves^ etc. Moth pupie are 
usually in cocoons formed of silk alone (flg, 31)) or witli Irairs (fig. 35 ) 
or are found in tlie 
ground, on plants, in 
the larval burrows, etc. 

The silk of commerce 
is produced from the 
cocoons of various moths, 
and almost all cater- 
pillars can produce silk 
throughout their larval 
life, using it for a variety 
of purposes. The pupa 
of Dipt era is to be found js utierflp ( 'h n/mUs, a-// o n* ; lit/ the. hf irhivli ii iff 

ill the habitat of the fixed to Ue plant. 

larva, without eovering as a rule. Insects display great ingenuity in llui 
devices they adopt for the protection or covering of the pupit Tln‘ pupal 
period is commonly short, a few days in flies, a week to ten days in many 
butterflies and moths (unless hibernating), about the mne in the known 
Epmnofiiera and in some Goleopkru* It is 



however much prolong-ed in some Ovleopkra 
and may be very long in all groups if hiberna- 
tion is taking place in the pupa, as it often does. 

In some Coleoptera, the imago emerges 
from the pupa and nndergoes a further 
resting pried before leaving its hiding place. 

We may here mention the flies which 
pass through no larval period, but are pro- 
duced by the parent as full grown larvae 
which at once pupate. The best known of 
these are the Horse and Cattle Flies (jfig. 320, 
page 265) which live upon the blood of birds 
and mammals. This abnormal life history 
is possibly an adaptation to the semi-parasitic 
life of the imago, 



fiq. m, 

Male {akn) Sfiijeiirnii Muiii 
it' it A Vm&tfM • " 
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The life of the imago. 

The life of the imago varies much iu length in the different groups. 
Eeprodnction being* the principal business of this period, the imago com- 
monly dies as soon as mating and egg-laying are completed. In the moths 
and butterflies, courtship, mating and egg-laying may occupy a few days 
or more rarely a few weeks. The imago has no necessity to provide 
for her young further than by laying her eggs in a suitable place. 

In the Hpneno’pteTQj on the other hand, the parent has to provide for 
her young or actnally feed them, as the larval period is one of helplessness 
during which the grub feeds on the stored up food or is fed by the 
])arent j so also the life of the imago is prolonged until she has fully 
provided for the new generation or done her share of the work of the 
nest. Between these two extremes are many shorter or longer imaginal 
lives. Climatic conditions may determine the length of the life as in the 
grasshoppers and locusts, the Bombay locust living as imago for nine 
months until it can lay eggs, whilst allied grasshoppers live as imago for 
some six weeks only. The May-flies live for very short periods, the long 
nymphal life being the active period. The 
dragon-flies, on the other hand, have a long 
life both as nymphs and imagines. Coleop- 
tera live long and can survive long periods 
when food is scarce and they are waiting 
until conditions are again favourable for 
egg-laying. Eemiptera and Dipt era have 
long lives as imagines, the preliminary 
stages being proportionately shortened. 

There is no general rule and it varies from 
species to species. The activities of an 
insect are not to be measured by its life in 
the winged state when it is most apparent 
to ns, but by its whole free life as larva or 
nymph and as imago. In some the first predominates, in others the latter. 

In exceptional cases, both sexes are not eq^nally developed, and in 
general it is the females which are the least developed. In the Bag- 
worms", the female remains as an imperfect pupa and does not become 
winged or leave the shelter of the larval case, whilst the male becomes 
winged and seeks the female (fig. 41). In other moths the female may 
be active bnt nnwinged. In the Aphides, the females are freqnently 
unwinged, the males winged. This is the invariable rule in the Scale 
Insects and Mealy Bugs, in which the females only monlt twice 



Pig. 40. 

Wingless female Wasp. 
{The male is winged.) 
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remain iinningecl ; ■whilst the males pass tlmmo-h a fraiisfurmatieii aiul 
emerge as liny flying insects with hut oiu^ pair of wings (llg. 4:!) 
These are instanees of iiu'oiuplete tic velopimmi aiul are noli to Ih‘ coni used 
witli tlio tliffereiiees between the sexes discussed in a hiler st'clion. 

Hibernation and Broods. 

Insects are mmhle to live and breed contiiiiioiisly througlnnit ilu' yt'ar, 
except in places with a general uniformity of conditions ibrouglunit llu* 
whole 3mar. In the plains of India, three causes eom!>ine to elnn-k the 



Fin. 41. 

Leaf Bag-%i crm, a, male moth ; h, female advlf^ an imjterfedl^ i 
moth s e, caterpillar in case of leaves, 

continuous growth and breeding of insect life; these are eold, 
dry heat and absence of food. 

A great number of insects are inactive in the cold weather and are 
then said to hibernate; as the temperature falls these inmiu become torpid, 
remaining inactive until the temperature rises. Hibernation is not uni- 
versal ; many pests are active in the cold season, attacking the mbi crop ; 
others emerge from hibernation in time to attack the ri|X*ning crop. The 
occurrence and period of hibernation depend largely upon climatic ijondi- 
tioiis ; the temperature does not fall evenly throughout the plains of India, 
and a species that hibernates in one locality may not do so in anotlier. 
Much has yet to be leamt of Mbernation ; few insects are active in the 
weather in dry cold localities; few hibernate in warmer, dam^pr 
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localities. The rise of temperature after the cold weather does Bot affect 
all species alike; one will emerge weeks before another. In rare cases 
all of one species will emerge with extraordinary unanimity when the 
temperature rises. It is not uncommon to find enormous numbers of one 
species of a moth flying in one week^ giving place next week to another 
species which has emerged later. 

Hibernation is passed in all stages ; it is as yet impossible to give 
accurate general statements^ but one may say that many OrtJwptera 
hibernate as eggs, as do one family of butterflies ; many llymenoptcta 
and Coleoptera hibernate as imagines, others as pup®* Lepicloptera com.' 
monly hibernate as pupae or larv£e, though some butterflies do so as eggs. 
Bipiera hibernate as pupsB to some extent, Ilemiptera as imagines or eggs. 

After the cold weather there usually follows a period of dry hot 
weather prior to the rainy period. Little is known as to the manner in 
which insects pass through this period. Many species that emerge from 



Fiu. 42. 

Scale Imecf on Tea. a, adult female scales i "b, male and female scales after first moult 
female scales s d, male scale; e, winged male; £, antenna of male ,* 
enlarged except a and b, 
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liiberiia>tioii liavo one brood between the cold and lioi, weather and t hen 
become torpid, either from absence of food or from the excessively hot 
and dry conditions. In many cases this period is simply a continuation 
of the hibernation ; the torpidity due in the first place to cold appears h* 
give place to a torpidity due to heat and drouglit ; or wo may consider 
it as due to the absence ol: food. For many species tliorc is food 
only during- the wet season, so that insects emerging too soon would 
find no food. 

On the other hand, we find insects emerging at the commencement 
of the hot weather, living as imagines till the rains if food is not available, 
but laying eggs and producing a new brood if food is available. This is 
a curiously interesting fact not yet fully understood. For insianee, if 
cotton grows eontinnously through the cold weather and the hot weather, 
we find its pests attacking it at the commencement of the hot weather ; 
should the cotton however be dead, we find the same insects apparently 
living as imagines or still hibernating. When well irrigation is practised 
in the hot weather, there is food for some insects iu the irrigated crops, 
with the result that tliese insects are found breeding in March or April ; 
in the same district, where well irrigation is not practised, wc find these 
insects still hibernating or living in concealment as imagines. These are 
perhaps the exceptional cases, but they are common among the crop- 
destroying insects. 

A larger number of insects appear to continue torpid after the cold 
weather and until the rains. But again, such is the variety of insect 
life that general statements are of little use. Many insects are most 
active in the dry hot weather ; the wasps make nests, the first parasites 
appear, the dung-rolling beetles are seen. Ants, termites and other 
insects are active. If we turn to crop pests, it is not far from the truth 
to say that (1) they continue hibernation or (2) they emerge and lay 
eggs on the crops if available or (3) they live as imagines until the rains. 
The (question of available food-plants is apparently the decisive factor ; 
sugarcane pests are very active in the hot weather, but the conditions of 
course approximate to those of the rains, there being food and moisture 
available. 

The result of these periods of rest is that for every species there is a 
definite time dming which the imagines emerge and lay eggs. During 
one week there will he an abundance of a particular moth emerged from 
hibernation. The period may he longer or shorter, but there is for every 
species some period, at the commencement of the rains or of the hot 
weather, when eggs are laid, and shortly after which the first brood of 
^^terpillars emerges. If all the imagines emerged on the same da^, 
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stoiild get our caterpillars appearing on tlie same day and a uniform 
succession of broods tbrougbout tlie active period. This is not tbe case^ 
and tliougb the first brood of caterpillars may come at one timCj the 
later ones become irregular. We may take^ as an instance, a moth having 
a life history period from egg to moth of six weeks ; if we get the moths 
out on March the ^th, the eggs are laid by March the 10th, the cater- 
pillars appear, say, by March the 15 th, become pup® about April the 
15th and moths about the 22nd April. We find caterpillars again about 
the beginning of May ; later broods of caterpillars would, if food w®re 
available, come about the middle of June and the end of August, and 
the caterpillars of the middle of October w^ould hibernate ; there would 
thus be outbreaks of the caterpillar in the latter half of March, begin- 
ning of May, latter half of June, beginning of September and latter half 
of October; five attacks of this pest in all if food is abundant and all 
come out together. Actually this rarely if ever occurs, but one can in some 
cases trace the broods through the year and expect them at their regular 
dates. In most cases the imagines do not all emerge together and the 
subsequent irregularity of development of the individuals accounts for 
the irregularity of the broods. The appearance of large numbers of a 
particular insect at regular intervals can be accounted for if one traces 
its history and knows when it emerged from hibernation. We must, 
however, guard against expecting regular broods ; it is often stated that 
a particular pest has, say, four broods a year; actually it is found 
throughout a long period, some being late, some early, some at the 
proper time. The four broods are not regular, and though the insect 
does breed four times in the year, all do not breed at the same time. 



CHAPTER 11!. 

FORM AND COLOUR. 

I P we examine an insect, we can pos&ihly deduce its fnrnsj 

structure and coluur many facts as to its probable imbits and luibitai* 
Tlic complete structure of an insect, as well as its life history, is inti- 
mately correlated with the predominating* motives (d‘ its life, search for 
food, escape from enemies, reproduction of the spetdes, 

In all insects the modifications of form and (‘obmr which arc iior- 
relatecl ^yith sex and reproduction appear only in t he imugM» ^tugc. 
Larvse are of no sex and eyen the larg-er nymphs of the (hi hapient 
display only minor sexual differences, the sexual characters not being 
matured until the final moult. In the higher insects tlu* st'arch fur 
food is confined to the larval stage, not wholly but Very iargely, \Vc may 
regard the division of the life of an inseet into distinct periods, in one of 
which the search for food is the iwincipal business, in the other n‘pri»- 
duction, as a valuable adaptation, which may aee<uint for the sueeess of 
the insect group over others. 

In nearly all insects the necessity of speeial di‘\iei*s fm* offVnet* or 
defence lasts throughout the entire life. The exeepd ions are the insects 
which live hidden, such as the borers ^ with these exceptions, mery 
insect must bo protected from foes, and in all stages we find that there 
are numberless special contrivances for securing imnumit}’. 

It is impossible to discuss fully the varieties cd’ form and 
found in insects. There is a meaning in the colour schen^the details 
of the structure, the general form and api>c*amnee spPeies, u liii'h 

1ve could find if we were fully acquainted with its imbits. Wi* arc oJily 
slightly acquainted with the lives of any insects, and most live in ways 
totally unknown to us. It is possible only to outline a fi^v geneniiifies; 
l)riiicipks that extend over large groups of inseet s mil give us a due 
to the method of understanding the signilkiinee of ioriii and eoloiii* in 

Siaje. 

The general concei)tion of the size of aa iaiwet is perimp of some* 
fciiiiig about as large as i, bean or larger* The mtijorily of species are, 
how^ever, less than one quarter of an inch longj it is raislewling to 
judge from our observation of insect8> since the larger ones eatcli the 
eye, axe more easily studied and far more easily prcwrvcil, whilst the 
smaller insects escape notice and axe imm4 by. 



It IS not niireasoiiable to suppose that a smaller insect requiring less 
food and able to live long* periods on little nourisliment thrives ■where a 
larger insect could not. Probably it can reproduce more rapidly, it 
oifers less inducement to enemies, and on the whole may be more suc- 
cessful. These considerations probably determine the limit of size and 
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whilst the small forms have an enormously rapid power of multiplication. 
In any one species the size is usually constant^ but is not a character 
that can be used to discriminate species. Some species are very variable 
ill size; and males are frequently smaller than females . 


Form. 


The fact that an inseet^s form is correlated with its habitat and by 
the necessities of procuring food is abundantly nianiiVst. Insects in 
gmieral are somewhat cylindrical; a form that allows of twisting mid 
flexible movements. This persists in Hying insects 
(iig. d3), as oflering less resistance to the air and is 
also well seen in most larvae, horing insects are 
extra-eyliiidiieal; as it werC; fitting tightly in the 
tubular burrotvs they make or; as in the beetle grubs; 
having a special cushion-like projection tliat tits the 
burrow tightly and facilitates locomotion (fig. SS). 

Many insects arc flattened; bark beeth^s and 
similar insects that find food hetween the bark a,nd 
the wood are often flat; to the extreme of being 
loaf-like. Ground beetles; cockroaches (Hg. 4h) and t ^ 
other insects that live on the ground; hide under stoneS; and run fast; are 
usually flattened. So too are some caterpillars (iig. 47) that cling tightly 
to the leaves of plants, and leaf-miners which find their food ladwcHUi 



Fm, 43. 



Pia. 40. 

The Ttuf ^ an example efaf al 


the upper and lower epidermis 
of a leaf. The tortoise beetles 
are fiat and can cling ’Tery tightly 
to a smooth leaf after the manner 
of a limpet on a rock. Tlu< praying 
mantises arc often formed like a 
grass steni; and lurk in the grass in 
the hope of* unwary insects mistak- 
ing them for a grass stem and so 
getting within their reach. Others 
resemble dry sticks and live on dry 
bushes. The green grasshoppers 
(fig. 29) for a similar reason are 
formed so as to siiggt\Hi a green 
l(‘af and deecivi* hutterflies. hlag- 
gots that live in decaying matter 
are smooth and worm-likt^; witli 
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Fia. 47. 

CaierpiUart specially adapted to cling tightly to leaf. 

are of use in conferring immunity from foes. Crfftic form is most 


Fia 48. 
,eaf Insect 


specially large stigmata at the tail so that the maggot may lie embedded 
in liquid and still obtain air. 

These modifications are necessitated by the soarcii for food ; others 







I'JG. 49. 
Leaf Imecf. 


t^semble tlie twigs amongst which, it lives ; we snppse this io l)e a 
device to hide the insect fmm birds. So too in the Leaf Insect {%. ‘Ih) 
which bears an extraordinary resemblance to a Inmch of grc^en leaves. 
The intensely hard spines fonnd on some beetles and bugs, the thick 
coating of hairs (fig. 50), the very tMek hard masses of cMtin, are 
lieved to make insects distasteful to birds and possibly to predac 60 \i$ 
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Fiq. 50. 

Cnteri)illary the spines 


insects. Tlie unpleasant odour of 
bugs is certainly a protective device ; 
so too are tlie bad tasting oils of the 
blister beetles and ladybird beetles. 
Some beetle grubs cover themselves 
in their own excrement^ others 
can')'- their east skin. The Lace- 
wing grub carries a pile of the east 
skins of its victims. Stings are 
probably protective^ though birds 
and lizards eat bees. An unpleasant 
taste is also probably protective 
and is associated with the scheme 
of colouring known as warning 
colouration. 

Sex also profoundly modifies 
the structure of insects. The 
internal organisation is of course 
totally distinct and there are com- 
monly external organs which 
readily reveal the sex (fig. 5^). 



Fio. 51. 

r/ie a wingless worhery maime 

hut sexless s iheir pungent flavour 
ei>nd Tc$en bUe is their proteetion* 
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Fro. 52. 


Fenifih Lonq'JiOi'iie:! GrmshopjWr, io ffhow He ,<nr6rd’’l ik(!*ui'i pnxif or. 


Ill general ivliero there is a diver- 
sity of; sex; the male is the smaller 
(fig. nS ) ; hotli sexes are frequently 
similar in size and external eliaraeters, 
the sex being determined only ])y dis- 
section. In many Orthoptefa the males 
are smaller and differently coloured, in 
rare ease.s being very unlike the female 
in general appearance. Tlie male stick 
insects are often winged when the 
females are unwinged. 

There is little or no difference 
between the sexes in Neuroptera, 



Fin. 

Male < Moth, 

mah alom* 



Fia. 6 l 
Mde Ani^ 



Fig* m 
IHrker A»t 






Ill many Hymenoptem the sexes a, re very distinct. In the social insects 
this is carried to a, great extreme and ire find only a small number of 
individuals -with reproductive organs, the majority being sexless workers 
(figs. 5] and 55). In solitary bees and wa,sps, there is a distinct male, 
and in one family tlie female is wingless, the male winged (fig. 40). 
Beetles display little external difference; exceptionally the male bears 
horns (fig. 5G) ; in some wood-boring beetles the male is wingless (fig, 86). 



Fig. 56 . 

Male Staff Beetle^ 


Butterflies display great sexual di:ffierences in colour, form, etc. ; we repro- 
duce one species (figs. 58-59) in which, they are very strikingly different. 
Moths rareljr display great or noticeable differences, more often 
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distinctions only. Females are in some cases \vini>'less. In flies 
tliere are seldom striking difeciices ; male mosquitoes luivc^ kirgi‘ 
featliery antennae; females smaller ones (fig. 00). Bugs are rarely dis- 
tinguishable; bid' some oi* the 
predaceous species luu'e 
clearly distinct sexes. In 
A/j/iides, males are often 
absent ; in Mealy Bugs a,ud 
Scale Insccts; the male alom^ 
is i\dnged; the female wing- 
less and degraded. 

iMale insects commonly 
produ(‘e sounds or stmgs, 
Grasshoppers (-liirp hy rub- 
bing tlie hind leg along the 
front wing ; green grass- 
hoppers have a powerful 
Pig. 57. sound-producing apparatais 

Femah. Stag Beetle, fbe base of the willgS. 

Crickets produce a shrill loud noise. All of these insects also havi^ 
ears with which to hear the music they produce. Beetles have a xmy 
great diversity of apparatus for producing sounds. The host known 
noisy insects are the Cicadan which live in forests j they are possessed 
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som. 



I’la 60. 

. Mos^m^o, male female hlow* [Magmjie^*) 
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sino’ or eliirp. Song ifi mainly (‘onoernocl witli sex and is ]>ossibly ono of 
ilio few moans l)y wliiel) iln^ male eaj)iivat<‘.s or ])li‘a,Res tlu' ftmalty; song 
may also be eoDiieeted with tbe fact tl)al ilu* nial(‘ is iiof. hnrdeued with 
tbe cbief care of life, the satisfaetory deposition of tlio eggs, and so 
utilizes Ms superfluous energy in song. Anotlier manifeslation of sexual 
difference may perhaps be found in the luminous insects. 

Colour. 

All insects which live in the open air are coloured in a more or 1 (‘sk 
complex ina-nner ; the scheme of colouring is in many specie's variahh' 
within certain limits, but generally is uniform and fixed in all indixidnals 
of one or both sexes of the same species. Tliese colour schemes art* 
evidently important to the welfare of the insect, and attempts have Ix'en 
made to elucidate the general principles tliat underlie them ; no two 
species have precisely the same form and eolonr, but large inimbt'rs have 
a similar colour scheme, dif ering in detail in each species but agreeing in 
the general efeet. 

We have seen above that some insects, snch as stick insects, are so 



Pkj. 61. 

M<oih 0% Bark of Tree. An hsiance of cryptic marhmff, 

formed as to elosel}^ resemble their surroundings and so escape notice 
this is associated with colouring, and the conjunction of cryptic 
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and colouring* may render a large insect indistinguisliable from its 
surroundings. Leaf insects are coloured like a leaf_, wliicli may be 
green or dry. Many moths (lig. 61 ) sit with expanded wing's and the 
colour scheme blends with the bark 
on which they sit so well that the 
moth escapes notice. Others sit 
with folded wing’s and exactly 
resemble bark ; their lower wings 
are then hidden and may be brightly 
coloured. Grasshoppers commonly 
have cryptic colourings some being 
dry-g’rass colour^ others green-grass 
coloui’j and so on. Grasshoppers 
that live in the fields and sit on 
the ground are earth colour (fig. Ctl) 
and have roughened backs like 
a lump of soil. 

Cryptic colouring* is very com- 
moii; usually combined with cryptic 
form ; it may occur in t’wo di:Eerent 
colour schemes in the life of an 
insectj the change occurring when 
the changed surroundings make it 
necessary. Thus a young grasshopj)er that lives in green ga'ass is green, 
but becomes dry-grass colour when the grass ripens and the insect 
becomes full grown. A caterpillar that sits on a leafy tree is green^ per- 
haps so long as it remains there ; when it has to crawl down the trunk 
to reach the ground and pupate, it becomes brown, as the green would 
make it conspicuous against the bark of the tree. Those larvae wlficli live 
in nests or other hidden spots change but little at each moult unless their 
habits require a change. The changes may be small and imperceptible 
or very marked, and bear a close relation to the differing habits of the 
young and the old insect. The same is true of the nymphs of the 
Orilioptera and Memiptera. With every moult there are distinct changes 
not due alone to the gradual development of the wings and other 
imaginal characters, but to changes of colour and form necessitated by 
changing environment. The very young nymphs of a grasshopper, for 
instance, which live concealed in grass i*equire a very different colouring 
from the half-grown insect which leaps actively about in the open ; the 
colour therefore changes at each moult, adapting the insect to its 
increased activities and gradually giving place to the colour scheme of 



Fig. 62 . 
Surface 
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tlie imago, which usually eommeiiees to appear in the last moult but 
one or two. There are countless instances of these changes and wc may 
constantly see instances of cryptic colouring. 

On the other hand, wc find some insects very vividly and brightly 
coloured, so that they stand out strongly against their surroundings. 



FitJ. U3. 

The South American Caterpillar ivliich siti/(/e<iled warnuii/ cohitiralloC's Ihvlit/lit hands 
are bright pellotr, the feet and process red. 

These insects are usually distasteful to birds and predaceous insects 
either from their taste, odour, or the oils they excrete. Their striking 
colouration is accordingly supposed to be warning i.e., warns the 
birds that the insect is unpleasant. A yoimg bird eating such an insect 
associates the bright colours with the implcasant taste ; it then refuses 
to eat similarly coloured insects and warningly coloured insects escape. 
There arc many insects supposed to he warningly coloured ; red, orange 
or yellow with black are common warning colours. Most bees and wasps, 
ladybird beetles, some blister beetles, and some bxittcrflies arc so coloured. 



FiC. 64 . 

Moth of the premus CaierpUiarj coloured cryptically inyrey ami hhch 
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l)ragoii flies are often brilliant, with red, blue, yellow, g’rcen and other 
vivid colours associated with black. A few grasshoppers are very vivid. 
Warning colouring is very common. It is found that many insects 
exactly copy the markings of such warningly coloured^iiisects ; the former 



Tiu. 65. 

WarMnglij coloured Beetle^ 

are not distasteful, have no unpleasant taste or smell, but escape 
because they look like nasty butterflies or beetles. This is known 
as Batesian after its discoverer. Many Danaid butterflies 



Fig. 66. 67. 

A Was^, p'oieeled ly Us siiuy and A Fly, harmless and edihU, 

loaniinyly coloured. mmics the Wasf 

are warningly coloured; other butterflies, not of this group, but 
living in the same locality, exactly mimic the Danaid in form and 
colour ; they look closely alike and only careful examination shows that 
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the latter are different in finidamental striTetiire. The edible minue 
escapes through its resemblance to a distasteful insect. Tins form of 
mimicry is common. Edible butterflies mimic nasty ones; moths mimic 
butterflies; flies mimic moths ; flies also mimic bees or wasps ; there are 
abundant instances which can he cited among Indian insects (figs. 

Another form of mimicry occurs when we find in one locality a large 
number of insects with a general warning scheme of colour^ say ])lack 
and yellow. Among all these insects liaving a similar colotir scheme* 
some are genuinely nasty, protected hy unpleasant taste, })ad scents, 
poisonous bite, sting, etc., so that birds will not willingly eat tlumn 
Others are not unpleasant, but pretend to he so by adopting the same 
scheme of colouring. Tliis is called 3liiUenaib mimicry and is also 
common. It must not be thought that an insect can cliange its colour 
voluntarily; the colour of insects is fixed and all of a spe^cies are coloured 
much alike; hut it is believed that in the evolutioji of insects, tlie spe('ies 
adopted^’’ or gradually aecpiired colour schemes, and so tlie waniingly 
coloured insects arose first and other spetnes later. If we disbelieve 
evolution, we may say that the mimics wore made like the waniingly 
coloured insects, and any misconception due to the dt‘ficiencies of the 
terms used will he avoided. A few’ insects arc so coloured and formed as 
to resemble unpleasant substances ; thus the larva) of tlie citrus butterflies 
axe not unlike the excrement of a bird and feed on tbe leaves in such an 
attitude as to assist the resemblance (fig. 195) 
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A common Fly nAmica ihe common Fee {nylf) and so escapes its foes. 

(Maffnifed.) 

Deceptive colouring is very common ; it is apparent!}' designed to 
deceive birds and is useful when an insect is in flight. The Leaf Batterfiy 
is an instance ; the upper wings are brightly coloured and the insect in 





ftiiW 




flight is conspicuous; it flies along and suddenly settles with wings 


Fiu. 69. 

The JEooded Qrasshop^ier, toMeh combines protection dm to the lid-ri sharp hood laifk 
cryptic md deceptive colotiring. 


folded, exactly resembling a dead leaf ; the suddenness with which the 
bright colours of the upper surface vanish is extremely deceptive and 
makes it very difficult to distinguish the butterfly. Grasshoppers have 
the same colouring, the lower wings being often brilliant and very notice- 
able when the insect flies; it then suddenly settles with folded wings 
and the colours exactly blend with the dry grass ; it is impossible to 
see where it is and we may conjecture that a bird is also deceived. 
This is a common scheme of colour and is usually shown by the upper 
wings being cryptic, the lower very blight and conspicuous. Moths, 
grasshoppers and other cryptically coloured insects are the best instances. 

Many butterflies have 
beautiful, diverse colour- 
ing, wbich does not fall 
into any of the above 
schemes. Some have 
very conspicuous marks 
on the hind angle of the 
wings or on the front 
wings ; these are sup- 
posed to mislead a bird 
wbich attempts to seize 
them, the bird snatch- 
ing at the conspicuous 1'ig. 70. 

spot oa the wing and so 4- epes^potsto deceiveliris^ 
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missing tlio butterfly wliicli loses u part of its wing ]>nt eseapcs alive. This 
may seem to be a fantastic explanation, but it is borne out ])y good evidence. 

Other butterflies are perhaps coloured in rough, imitation o(‘ tlunr 
surroundings as seen from above, i,e,, their colouring blends with the 
light and shade of vegetation when they arc looked at from above as a. 
bird looks at them. We cannot he certain of this since wc see thtun 
from about tlieir own level, but the exj)lanation of tlu^ (colouring of many 
butterflies is probably to he found in this. A few insects liavt^ appartmf.ly 
a scheme of colouring that is meant to terrify an enemy or frighten it 
aiway. Sneli are the Hawk Moth Caterpillars, which when alarmed sud- 
denly expose large eye-like spots and look like a ferocious snak(^ ; others 
simply look bizarre and fearful, if we can judge from, wbat \re imagine a, 
bird feels when lie encounters one. Many caterpillars have such devit'cs, 
coloured spots and stripes, brightly coloured filaments, waving liair iass«dH 
and the like. 

These are the principal colour schemes found in insects, !>ut still wo 
are ignorant of the significance or value of the colouring of instads, 
Ground beetles are commonly black or very dark coloured, perliaps lHH?aus('» 
they live in hiding. Many are white, especially those width tiomo outi 
in the dusk, and this may facilitate courtship and mating. Colouring is 
possibly not determined by utility in every cast*, l)ut, is simply ft)r beaut'.y, 
and tbe general effect of insect colouring is, from manh point of view, 
chiefly one of beauty. Possibly this is the ea-so also from tht* insetd.^s 
point of view, and though necessity is considered, the wholc^ scheme may 
be primarily for beauty. 



PlGt, 71. 

Luc$wing i ihetr ^niuufe Hie is s7mm hf ihe liau line* 
meming except ^iire hemfp can he assigned fc ilieip delimfe ommnenfatmh'l 
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We may remember tliat the coleur schemes of the very great majority 
of insects liave to ns no meaning. The few that exhibit Batesian or 
Mullerian mimicry or are warningly coloured, are a very small part even 
of known insects. The ordinary insect picked up at haphazard does not 
fall into any class ; we can see sometimes that the colouring perhaps 
blends in several schemes, cryptic, warning, sexual and the like ; but we 
cannot judge in the least of the real value or significance of the colour 
schemes of nine-tenths of the known insects. It would not be surprising 
if a growing knowledge produced a far' profounder and truer interpreta- 
tion of colom' in insects, more in accordance with the real needs and 
necessities of insect life, 



CHAPTER IV. 

CLASSIFICATION AND NOMENCLATURE. 

A very large number of insects arc known to occur in India, as in 
otlier tropical countries which it is no easy matt ei* i o chissi 1 y. IiistHil s 
are primarily divided into nine orders^ two of which are of little import.- 
aiice and rarely mot with. 

The seven large orders 
are easily distinguished 
according to the structure 
of the wings and mouth- 
parts and by tbe life his- 
tory, A knowledge of 
classification is necessary 
to enable one to place*, 
every insect into its order • 
one then knows whether 
it in.ay be expected to have a nietamorphosis or not, and one has a clue to 
its probable habits and nearest allies. It is not. ne<H?ss}iry in pages 
to go further than the principal orders, ddie liiial class! 11 cat ion int n 
sub-families, tribes, genera and species is a mailt'r of special study aJitl is 
best left to those who work in museums and study only tla^ dead iiimi. 
The student will retpure also a knowledge* of tin* chief familit's of caidi 
order, but this point cannot he entered upon here. The st‘vcn primapal 
orders arc most convenicutly known l>y their sciciititlc names, sitme there 
arc not in all cases English e(|uivaleiits. The following tivv tlu* orders 
with their distiiiguishing chaiucters : — 

straight j pkN =5 wings) . 
Cockroaches, leaf and stick 
insects, locusts, graHshop|K‘rs 
and crickets. The first., pair 
of wings are narrow, with 
straight edges, the secoiul 
pair large, folding up iimler 
the first. Biting mouth-part s. 
No metamorphosis. 

This order is easy to recog- 
nise by their thick^ CM)louml 




•erms InseeL 




upper wingS; wliicli do not fit tightly to the body hut project beyond the 
end of the abdomen (fig. 72). 

Nenr opera = nerve ; ptera^mngi}. Termites, ant-lions, 

dragon-flies, may-flies, etc. 

The wings are large with many veins (nerves) forming a network. 
Biting mouth-parts. A metamorphosis in some, not in others. 



Fig. 74. 

H ymenoi^lemis Insect* ijmenoiiterons Insect. 


Bymenopeni s= membrane ; wings). Bees, wasps, 

ants, etc. 

The wings are small, transparent, with few veins. Mouth-parts 
biting and lapping. A metamorphosis, the larva being usually a helpless 
grub. 
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The first pau* of wings are tliickeued, fit tightly to the body and 
make a sheath for the large folded lower wings. Biting month-parts. 

A metamorphosis, the larva being an 
active grub. 

These are easy to recognise, the hard 
tipper wings meeting in a straight line 
over the back. 

Lepidoptera {lepis = a scale ; pt-efit = 
wings). Butterflies and moths. 

The wings arc large, clothed in fbu^ 
scales. 

The imago has a suctorial proboscis. 


A metamorphosis, the larva 
being a caterpillar with biting 
month-parts. 

Dipkm (d'l=:two; piera 
2 = wings). Flies, mosquitoes, 
etc. 


One pair of wings only. Suctorki 
mouth-parts. A metamorphosis, the larva 
being, as a rule, a legless maggot. 

Hemiptem (/^6V/r/l=liai£; pkm =* 
wings). The bugs. 

The basal half of the uppr wings often 
thickened. Sucking moul.]i-])arts. No 
metamorphosis. 

Distinguished from beetles most readily 
by the fact that the wings do not meet in 
a straight line, but overlap. 



I'm. 80. 

Memipietons InseeL 



JTig. ^9. 

hmef } Lama and Lima 



Fig. 78. 

Lepidopierous Insect. 
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Pig* at 

^oiiriee^-8;poU&d L&af JSeetle. 
a, larva ; b, Pupa ; d, Pupa ease : c, 
Imago, All magnifiei but d. 

is more difficult ; young 
Orthoptera and Remitter a 
are of course easily dis- 
tinguished by the mouth- 
parts. A caterpillar with 
not more than five pairs 
of sucker-feet belongs 
to Lepido^tem ; if it has 
more^ it is one of the 
few Ihjmenoptem whose 
larvae resemble caterpil- 
lars. A larva without 
sucker-feet and not hairy 
is probably Coleoptera if 
it has a well-marked head, 


These seven orders are generally 
easily distinguished; look first at 
the wings, then at the mouth-parts ; 
a two-winged insect is probably one 
of the Dipt era; an insect with four 
clear, transparent wings belongs to 
Neuroptera if the wings are large ; to 
Hijmenoptera if they are small. If 
the wings are covered with scales, it 
is a butterfly or moth ; if the upper 
wings are hard and meet in a straight 
line, it is a beetle, but if one lies over 
the other, it is one of the Eemiptera. 
In the latter ease a glance at the 
mouth-parts will confirm it. 

It is only the exceptions to these 
rules that make classification difficult, 
and as the aipparent exceptions 
are numerous, one cannot expect to 
place every winged insect into its 
order by superficial examination. 

When the insect is young, the case 





Fig. 83. 

l>ifierai Larva on Uft^ -F/rpa in miihUe, Inia//o on riiihL 

no means oi: classi ly- 
ing larvtB iicciiratelj 
except by rearing them. 
The same is true of pupio ; 
but if the pupa is sus- 
pended from a plaiii:^ it 
is probably that of a 
butterfly; if it lies in a 
silky cocoon or in twisted- 
up leaves^ it is probably 
that of a moth. Should 
it be in the ground with- 
out a eocoon, it may 
emerge as a beetle or a 
moth. If there be many 
in a nest together^ tliey 
belong to HpmmpUm* 
The figures of different 
larvse and pupse will help 
in classifying them. 

The following English 
terms arc generally used 
for the larvjB of differeid. 
groups 

84 ^ is tlic yotms: 

Moil. &>\Caierpinari % Cocoons (i^yM-ph) of a loCUSt or 
d, Males e, 'Female grassliOpiHU*. 







Fia. 85. 

Young Leaf Inseot. {Compare Yigure 49,) 


studied. In all^ some 
two to three hundred 
thousand kinds of insects 
have been classified. Each 
of these has received a dis- 
tinctive name. 

In the first place, all 
insects that are almost ex- 
actly alike, that can breed 
together, and that may 
have been descended from 
the same pair of insects 
during recent generations 
are said to belong to the 
same species; species in 
fact are kinds of insects. 
A number of species 
which are similar in all 
but colouring or other 


A caterpillar is the larva of 
a butterfly or moth. 

A gnib applies to the larva 
of Coleopiera or Hpmemptera, 

A maggot is the larva of a fly 
[Diptera ) . 

A clirgsalis is the pupa of a 
butterfly or moth only. 


Nomenclature. 

Insects have been systemati- 
cally studied during the last 
two centuries and only a small 
pai’t of living insects have been 
examined. In India a very 
small part of the insect fauna 
is known, though some of the 
very common ones have been 



Wood-loHng Beetle, a, Q-rub ; b, "Pupa ; o, YemaUs 
4 Male t e, Tmnels in 
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unimportant eliaraeters said to form a gemn^. 
cacli apeeies receive names. Tims tlie Indian locusts Uelon,^’ to 
g'enus, JeridimiL Of these one 
species is Acrldiiun. lieregrimm, 
anotlier is Acrldvim smcmelmn^ 
and so on. Each species thus has 
a double name^ one for the species^ 
another for the genus. 

These names are generally com- 
posed of Greek or Latin words. 

In old days every one in Europe 
knew these languages, and so 
these names could he understood 
by scientists of all the Euro- 
pean nations, whether they were 

Freuoh, German, English, ete. Mlmru //•<■« lh.ri«;i H„ih. 

Originally these names had definite meanings, hiit tin* nnmhcr of 
known species is now so great that almost ai\y word is used put into a 
Latinised form. 

At the end of every scientific name there is an abbreviation ffU* the 
name of the person who first described and named that install thuH the 
full title of the North-West locust is Aeridinm peregriuufif^ Oliv* ./Vov- 
ijnmmi ^ is the name given to the species by Oliver, and as it 
other insects of the genus AmcUmi it is juit into that i 




Eig. 88. 

Qnih of Mnlherrg Sorint/ BmfU. 


This system of naming insects is absolutely necessary for sysiema- 
tists and scientists; it is however very confusing, as entomologists 
are not agreed as to the original nanae given to each insect. Two 




entomologists may find the same species in different places and both will 
describe and name it, using different names. Both names cannot 
be used, and it is now agreed that the name which was first published 
shall be used. This again causes great confusion, as people cannot 
agree which was the name first used. 

It can be seen that the naming of insects is a very difficult mat- 
ter; there are, for instance, some ^,500 species of grasshoppers and 
locusts described ; of these 
perhaps 4i00 are known to 
live in India, but there are 
probably also in India some 
400 more which have not yet 
been described; it is no easy 
matter to know, first, if any 
Indian grasshopper is the 
same as one of the 400 
already described in India; 
second, whether it is the 
same as one of the '^,500 
described from all parts of 
the world; or third, whether 
it is new; if it is new, that 
is, not yet described, it must 
be described as a new species 
and perhaps as a new genus. 

As locusts and grasshoppers 
make up only one of over 
Si 00 families of insects, it 
is clear that it is no easy 
matter to use the scientific 
names of insects correctly. 

Ill this hook scientific names are not much used; it Is as easy to learn 
about the Bombay locust as it is about Acridhm rnmnaiim^ L. Persons 
who see an insect in the field and know that it is ^entadacP^lorthoj^tefoi’ 
(ks mgi%tioetomgfopmct%hmM%lata N. are apt to forget whether it is a 
grasshopper or a beetle and whether it is injurious or not. No good 
is done by hurling scientific names at an insect in the field. It is far 
more important to he able to recognise a cockchafer, to know that its 
grub lives in tlie ground and eats rootSi and to know that, if one is found, 
others are likely to be there and should be destroyed before they lay 
eggs. As far as possible) plain English names have been used for the 



Fiu. 89. 

Cakrmllar, (^nd Moth. 
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insects mentioned in tliis book. To avoid confusion and io assisl 
refereneCj I Iiave put as a footnote the register nuniliors of tiuMifJIeial 
collection, the name of the family and what I heliev(‘ to lie the correct 
(lesigiiatioii of the insects referred to in nearly all east's. 



Part II. 


PRRVRNTIVE AND REMEDIAL MEASURES 




CHAPTER V. 


ORIGIN OF INSECT PESTS. 

I T is well known that the natural increase of any insect would be 
very large if the restraining checks were removed. It is also true that 
a species rarely becomes so abundant as to cause serious damage to crops. 
We may here shortly discuss the causes which lead to the undue increase 
of an insect; so that it becomes a pest. 

In this book we propose to record about one hundred species of 
herbivorous insects which have become injuriously abundant in recent 
years ; tliis is a small fraction of the herbivorous insects common in the 
plains, which can and do feed u]3on crops. Why do not the larger part of 
these insects also become abundantly destructive ? There is no answer to 
this question, nor has it ever been answered in any country ; we can but 
dimly see the laws which govern the increase of animal life, and in this 
limited space we can but discuss some of the most obvious laws and 
phenomena which a close study of nature presents to us. 

In the first place, let us examine the rate of increase of an insect. 
A single female of one of our commonest moths lays over 500 
eggs. Of these actually 200 have been reared to moths again under 
artificial conditions ; these j)roduce 60,000 eggs, since roughly half 
are females. Of tliese again we rear 20,000 moths which produce 
5,000,000 eggs. This is the rate of increase based on the actual ratio 
that live in captivity. We see that the increase of one moth in three 
generations is vast, equivalent approximately to ten large and 
devastating swarms of caterpillars. This is not a peculiar ease, just one 
taken at random and well witliin the limits of any herbivorous insect 
investigated in India. We can see then that every moth feeding upon a 
crop plant should, if there were no checks, produce a vast progeny. 
Clearly also the checks are very efficient since this does not occur. The 
cheeks upon the increase of insects may be roughly said to be climate, 
lack of food, enemies. 

Climatic checks are of great importance, and we cannot pretend 
yet thoroughly to understand them. Most insects become torpid with 
cold and hibernate (lie dormant) for some three months. Not only does 
this stop increase at this time but the hibernating insect is exposed to 
many dangers during this period — dangers it caniiot guard against. 
Probably a very large percentage do not survive the winter, There is 



OEiaiN OP TNSPX3T PESTS, 


tlioii tlie period of dry wliioli is io many e(pm]l_r a period of rest 
during their enemies are especially active. Fina-llv, ilp'ro are four 
months of suitable weather^ during which they can increase ; even this is 
probably not entirely favourable as it is likely that OKeessively In^avy rain 
and wind storms do much to Idll motlis and flying inse(ds. 

The lach of food is another powerful cause; as a. rule, plants grow 
vigorously during the rains, many grow during the cold weather, al'icr 
which a great proportion of the vegetation dies down. An insect feeding 
on a plant that grows only in the rains has but a few months in which 
to multiply; if it can also feed upon cold weather plants it has some 
months longer, provided it is not numbed by cold, and finally it has no 
food for some months of dry heat. 

The third great check is due to eiiemies ; these include ilic parasiies, 
the predatory insects, the birds, bats, etc. As soon as an insect becomes 
abundant, these attack it and reduce its numbers (see ])age 
Fungoid and bacterial diseases arc also operative in inseists as iluy arc in 
man and domestic animals. 

In tlie jungle or forest, we find that, on the whole, fh(\se canses 
acting against the naturally large ratio of increase, fend fo ]>rcscrYe an 
even level for all insects ; what we may call tlie hahinee of lift‘ is main- 
tained, and, neglecting small variations, in nature fln^ mnnlnu’s of (?aeh 
species are more or less constant over long periods. Where man has not 
interfered; insects do not become destructively abundant ; f ane exct‘p- 
tions, of course, but fhon the balance adjusts ifst^lf very swiftly. We 
are, however, not dealing with the jungle wliore nature reigns, hut with 
artificially maintained areas of cultivation. There man has upset, the 
original conditions in very definite ways for which he ]5ays tlie ])enalty. 

Firstly, the balance of life is commonly upset by the new forms of 
life whieh are introduced by man himself or which come with him. The 
introduction of the Gipsy Moth to the United States let loo.se an insect 
whose increase was so enormous that as much as lour lakhs were B|)ent 
yearly in one State in cheeking it. The disastrous results that followed 
the introduction of the Indian mongoose to the West Indies, of the rabbit 
to Australia, of ferrets, stoats and weasels to Hew Zealand, of the sparrow 
to the United States, and of the Indian myna to the Hawaiian Islands are 
examples of the manner in which the balance of life is upset by the intro- 
duction of new forms. 

Secondly, we may refer to the interference with the climate caused 
by the changes made upon the earto surface by man ; sucb a change as 
the destruction of the forests is the most obvious case, leading to profound 
modifications in the climatic conditions of large areas. 
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Thirdly^ tlie plant life may be entirely altered. This is by fa-r the 
most obvious cause and deserves separate discussion. 

Lastly, the interrelations of the fauna are deliberately upset by man 
ill shooting insectivorous birds, in checking beneficial insects and in 
making the conditions unsuitable to useful insect-eating animals. 

The last two are the really important causes that affect insects 
directly. In cultivated areas, we grow large numbers of the same plant 
side by side; any insect that can feed upon a cultivated crop finds 
abundant food, has not to search for it, and can readily lay its eggs in one 
place. Instead of searching through the jungle for the particular plant 
she requires, a female moth emerges in a field of that plant, finds a mate 
at once and can readily lay eggs ; she is not exposed to enemies in her 
flights to find a mate or in her endeavours to find sufficient food-plants on 
which to lay her eggs. Not only does man grow larger areas, but he 
grows the plants at seasons of the year when food is otherwise scarce ; 
the crops grown under irrigation in the hot dry weather help many 
insects over a critical time and so give them an additional opportunity of 
breeding and multiplying. 

Further, plants grown under somewhat artificial conditions have not 
the same vigour to resist pests as plants growing wild in the jungle. 
Few crop plants are grown where they naturally thrive ; in the jungle 
there is competition, there is a struggle for life and only strong healthy 
plants in good vigour can live ; in cultivation plants are kept alive by 
stimulation, are grown in soil that does not suit them, are domesticated^^ 
and have not the vigour that especially resists the plant parasites. How 
seldom we see a wild plant attacked by scale insects or plant lice ? A 
wild plant has the vigour to resist, to make itself distasteful and to 
outgrow the disease. 

In addition to helping the increase of insects by the artificial manner 
in which he grows his crops, man does so also by checking the birds and 
other predators which check insects. These include birds, lizards, bats, 
predatory and parasitic insects and the like. They are discussed in detail 
elsewhere, but we can see that our artificial conditions upset this part of 
the balance of life and so give opportunities for the abnormal increase of 
insects. 

If we consider this question as a whole, we can dimly see that every 
now and then the checks which are usually operative may temporarily be 
suspended, so that we get a vast increase in the numbers of some common 
insect, «.<?., of an insect which, if abundant, probably destroys a crop. 
Then we have an outbreak of a ^^pest," a perfectly natural phenomenon 
due to causes which man himself brings about, In nature, and generally 
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in oiir cultivated areas, the increase of insects is automatically and natur- 
ally cheeked,* at times it is not checked in our artificial surrounding’s, 
whereby we suffer. 

These facts require to ])e borne in mind in considcrini»‘ our ])(‘sts and 
the manner in which tlicy appear. An outbreak of an iiis(‘ci jn^st is not- 
due to supernatural phenomena, nor is it wholly due to an east, wind, last, 
yearns flood, late rains or other caiist?s. Cultivators ('ommonly believe 
that the sudden appearance of a pest is more or less supiU’natural, ami for 
that reason not capable of treatment; it ns no more su]>ernatural tlian 
when a bullock gets into a young* crop and eats it, only we can irac‘e tlie 
bullock and cannot always trace the insect pest. Above all wt‘ must 
remember that our insect pests are alwa}'s with us, But not always 
abundant. Insect pests do not appear suddenly from nothing; tluw are 
the insects common throughout the plains, which under a. c<‘rtain 
eombinatio]! of cireumsta-nces increase suliieientl}’' to do damage. No 
conditions of manuring, irrigation or the like can froduce them, but 
suitable conditions can enable them to increase beyond tlieir natural 
limits and turn them into a pest. 

As can readily be seen, the conditions whicdi govern this very 
delicate balance of life are extremely complex, and we cannot always s<’o 
what causes have led to a particular result. The preventivt^ m<‘asures 
discussed in the next section, as well as one simple method of encouraging 
parasites (see page 271), are based upon our knowledg<‘ of these causes. A 
little consideration further helps ns in some cases io anfi<;ipate an break 
of an injurious insect, on perfectly simple reasoning. An entomologist 
who sees hundreds of tlie moths hgnired on page ISS flying in March, as 
is commonly the ease, will know that, if sufTHtient wild plants an* not 
available, the crops will be attacked ; he will also know that there must 
have been abunda,nee of the caterpillars of this moth befori* the cold 
weather, and that probably they might then have Ijeen destroyed either 
in the crops or by more careful attention to clearing away wec»ds on waste 
strips and headlands. 

Again, if we see a swarm of caterpillars in the fields or in unmiltivated 
land, it is worth wHle ascertaining whether they are extensively attacked 
by parasites or not ; if we see many flies {fig. 325) or ichneumons (f g. 323) 
among these caterpillars or laying eggs on them (a matter requiring but 
little observation), it is probably advisable not to destroy these caterpillars 
unless they are doing very great injury j if, however, we find no parasites 
or only small numbers, we must use every endeavour to destroy them or 
prevent them becoming pupse, as the next outbreak will be a very large 
one. An agriculturist who understands something about these moths 
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will see ways in which he can turn his knowledg’e to good use either in 
preventing the occurrence of such pests or in checking them. 

A subject that has unfortunately attracted general attention is the 
fascinating one of using one insect to destroy another. We know that 
there are parasites^ predators and the like which destroy insect life ; the 
inference is that we should be able to check all our pests by their means. 
Entomologists have devoted great attention to this point_, with an almost 
complete record of failm’e. In one instance, under very peculiar condi- 
tions, success was attained, a ladybird beetle being introduced to 
destroy a virulent insect pest. The particular conditions in this case 
were that the pest was newly introducedj had no enemies in the locality 
to which it was introduced, and could be traced to the country whence it 
came. It was not difficult to obtain from that country the beetle that 
there preyed on it, and liberate it where it could find its accustomed 
prey, which was the only insect it recognised j it utterly destroyed the 
pest, partly because it had no other food and partly because it had no 
enemies in that place. Evidently this could be repeated with some 
chance of success, but only in the case of newly introduced pests. Our 
pests in India are probably of long standing ; they have enemies here, but 
the fluctuations in the balance of life occasionally enable them to be 
destructive. No parasite, no enemy 'will entirely destroy an insect that 
is established throughout India, and there is no advantage to be gained 
by introducing fresh parasites. There is also no ground for believing that 
in the near future we shall be able to artificially employ fungoid and 
bacterial diseases in the destruction of insect pests; they appear to 
require special climatic conditions {e,g,, very moist heat), and this places 
the matter beyond our control. 

What is of extreme practical importance is to encourage, not 
particular parasites that are already doing their utmost under conditions 
beyond our control, but birds which 'will destroy any insect that becomes 
too numerous. Birds are the fluctuating check on insect life, the safety 
valve as it were ; they congregate where they find insects, regardless of 
their species or habits, and constantly consume the superfluous and 
superabundant insect life. We can encourage birds by planting trees, by 
letting them take a not too excessive toll from the fields ; and every 
insectivorous kind means a large diminution in our pests. We cannot 
as yet equally encourage other beneficial organisms, but must rely on our 
own efforts to cheek the superabundant insect life that destroys our ci*ops. 



CHAPTER VL 

PREVENTIVE AND REMEDIAL MEASURES, 

P EEVENTION is better than cure, costs loss to cany oui. aiul forestalls 
the loss of crop. Most measures of this kind depend upon a kind of 
eomraonsense that is practically non-existent in India and rare anywhere. 
It is difficult to prove the value of preventive measures, \vhi(^h depend 
solely upon a thorough lmowledg*e of the conditions under whi<‘h iiisinds 
live or upon reiterated experience. If our pests come regnilarly aud at 
definite timesj the value of such measures can be clearly demonstrat(‘d ; 
but since insects are not so accommodating' and (^oine at haphazard, it. is 
difficult to bring' tliem within range of a<itual experiiiuait . Ihu*re are 
several simple precautions which arc sufficiently {•sbvious to any iUU' wlio 
practises agricultm*e intelligently; they are also general in their appli- 
cation and should form part of every agriculturist's stock of maxims. 
Clean culture is important; many insects breed on commtm weeds, 
become abnndant aud are driven by lack of food to attac'k <TOps, Thai is 
a common way in which many insects become pests. An herbivorous 
insect that increases beyond natural limits will attack a crop on which it. 
can feed, and it is folly to encourage pests by growing their wild food- 
plants within reach of cultivation. Woods are always a souretc* of dangtn* 
and do no good. This applies ecpially to the strips of grass that; l>m*der 
on fields, to waste lands, jungle, etc. Grood grass is safe and l>ring.s no 
pests; mixed weeds and low vegetation should be X'eplaced by grass or 
kept down. The ideal cultivator allows no weeds or plants to grow 
other than crops and grass. 

Another precaution consists in removing crop plants when the crop 
is harvested. Old cotton plants affiord food to cotton |)estH, thus helping 
them through critical seasons when food is scarce. J^iari stubble Imr- 
bours the moth-borer and enables it to hibernate. A crop plant that has 
yielded should be removed and not allowed to breed pests after it is 
useless. It is at all times necessary to weed out dead and dying plants 
from a crop and burn them. The brinjai grower pulls out the plants 
attacked by stem-borer and leaves them in the field, I! he burnt them, 
be would destroy his pest and check its increase ; as it is the caterpillar 
completes its metamorphosis, comes ont as a moth, lays its hundred eggs 
and the loss of plants steadily increases. The same thing applies to all 
refuse plants, dead wood, rotting fruit, etc. Even weeds should be 
removed when they are pulled up and not allowed to rot in the field* No 
Tegetahle matter should ever be allowed to decay in a field or anywhere 
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but in a proper compost Leap. The useless cotton bolls not worth pick- 
ing breed cotton pests and do much harm; they should be removed 
periodically and carefully burnt with all their inhabitants. He who 
leaves fallen mangoes to rot where they fall should not be surprised if 
his sound mangoes are attacked by pests bred in the fallen ones. 

Eotation of crops is a practice of some value and is more valuable 
the larger the area rotated. Keeping two acres side by side in sorghum 
and cotton alternately does not help matters so far as insects are con- 
cerned; but the rotation of large blocks of land in alternate crops does 
much to cheek pests. In rare eases it is possible to check a pest by not 
growing its food-plant for a year or longer^ substituting other crops. 

The practice of growing mixed crops has a profound influence upon 
insect life and is generally most beneficial. Growing crops in separate 
blocks which might be mixed and grown in alternate rows is a direct 
incentive to insect attack, and the mixed cultivation of the Indian culti- 
vator might well be followed in other countries where pests are rife. 
Mixed crops approximate to natural conditions and discourage the 
increase of insect pests. Cotton grown with tur, urd or maize suffers 
less from insect pests which do not so easily find the cotton ; the moth 
has to search for her food-plants, and in so doing runs risks of enemies ; 
the caterpillars cannot simply crawl from plant to plant, but must move 
over the ground with the risk of being snapped up by ground beetles, 
frogs or birds. The mixed crop is a great safeguard, though the cultivator 
does not know the reason but benefits by the accumulated experience of 
distant ages. Opposed to the mixed crop is the small plot of any 
single crop. A small area of a single crop in a large area of other crops 
is an inducement to insects to cluster in that small plot, and destroy it. 
Insects which are harmless when scattered over one thousand acres are 
extremely destructive in a small plot, and probably devour it all. Nothing 
is more fatal than to grow a small area of a plant ; it is not the small 
plot but the relative area which matters ; if a crop is grown in its due pro- 
portion, say one thousand acres in five thousand, it may be broken up 
into small plots, but the insects are scattered over the district ; but if 
there is only one plot of say ten acres in that five thousand acres, then 
that plot is liable to suffer. Many promising experimental cultivations 
of crops suffer because insects gather in that one little plot. If the 
experiment had been on a larger scale or if the pests had been checked, 
the experiment would have had a better chance of giving true results. If 
one grows plants under such conditions, one must expect abnormal results 
and take measures accordingly. 

Much encouragement is given to pests by the promiscuous growth 
of plants that harbour pests at seasons when the crops are not available. 
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is a plant thill should bo i%idly excluded from ('uttoii areasj as 
should hihuem^ the roselle hemp [ambadi^ sherna, ete.)? the hollj'-lioek 
and a few other malvaecous plants. If grown they should ht' grown only 
where eotton is also growing so as to draw off tlie pests from it. Inhere 
is probably a large field for the prevention of pests in this way, hut we 
have not yet obtained the requisite knowledge of Indian instiets to he 
able to make use of it. Equally we do not yet know how to use trap 
crops to the best advantage. Trap crops are m)]>s gn>wn to lead tlu^ 
pests oft' from the valuable crop plants. The eultivat«>r wlio sows mixtid 
seeds in an irrigated plot of land and pulls out half of tin,* plants witli 
caterpillars on has unconsciously used a tra]) crop and saved his really 
valuable plants. If he went one step further and ilcstro\'ed those 
caterpillars and plants he would do still more g(K)d and ust' his trap rru\) 
intelligently. There are two ways in which trap crops i*an bt? used; we 
can sow an early small crop for the insects to eat, sowing tin* hulk of the 
held later and destroying the early crop with the inse(*ts or h‘a,ving it 
until the main crop is well established ; we can sow two crops together, 
one a valueless crop to act as a bait for insects and w’hii*h grows only so 
long as it serves its purposes, Ireing destroyed ns soon as it is full of pests 
or as soon as it interferes with the growth of tlu^ main crop. Neither 
method has been adequately trial in India, though tin* lattiW is 
uncoiiseiously done by cultivators, and in rare cases deli!>erati‘ly ; thtr 
method deserves to be far more widely tried on an expmimental scaho 

The most valuable of our preventive measures aft a* mixed <*rops is 
the practice of killing whatever eateiqullars are found in (‘fops, when they 
arc fewn If cultivators realise that caterpillars are not; harmh‘ss and that 
anything that eats his crop may become a serious pest, and if be would 
but kill these stray insects from the fct, they would not multiply to 
the extent that they now do. At present the first l>rood of insects is 
never killed, the second is larger and does more liarm; the third ads the 
whole crop or perhaps emerging next season after luliernation wipes out 
the young crops. If the first brood were checked, there would be mt 
second or third brood and no loss to the crop, ^uch a proeedun? is far 
more possible in India than in other countries | the process of picking fdt 
caterpillars is one that is not essentially different from the process of 
laborious hand-weeding and can often be done at the same time. It is 
as natural and feasible as weeding, only it has iu»ver become part of 
establishal usage. Caterpillars are always safe things io kill, though 
other insects are not, and it is from eaterpillars that most (d* the Imnn 
to agriculture comes. 

A common practice which helps crop pests is that of letting stray 
crop plants grow either at the wrong season or in the wrong field. Stray 
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plants ui‘ maize; of bliindi; of juari; of beanS; of any crop plants should 
never be grown in the fields at any time. They come up from stray seed 
and are allowed to grow freely, perhaps in border strips ; they harbour 
pests and help them over critical periods when food is scarce j all such 
plants should be pulled up unless grown for a distinct purpose. 

A precaution that might be used far more freely is that of trenching, 
either to isolate an infested plot or to protect an uninfested one from a 
neighbouring infested one. When caterpillars are abundant, they eat the 
plant they are on and move away to others j rarely they move in a body, 
usually singly ; the owner of an infested plot is doubtless glad to see 
them go, but his neighbours should certainly make trenches, which need 
not be more than a few inches deep with sloping sides. Such trenches 
do much to isolate pests which cannot fly, especially caterpillar plagues ; 
these caterpillars often become restless and move about at a special period 
of the day, falling very soon into the trenches j large numbers can then 
be killed in a very simple manner. 

Another simple precaution on small holdings is the common hen> an 
indefatigable insect hunter ; turkeys and guinea-fowls are equally good 
but rare. The ben should be a regular part of a ryot^s small belongings^ 
and there is a certain justice in obtaining fat hens from the insects which 
eat crops ,* it is necessary to give the hen a basis of other food and not 
compel her to a purely insect diet. 

Whilst there are many methods of destroying insect life on a small 
or large scale, for every pest there is, as a rule, one single remedial method 
which proves successful. There is no one specific capable of universal 
application, no cure-all," no patent medicine warranted to kill every 
thing from fleas to locusts ; if there is, it has not yet come within the 
range of practical science and is made only to sell and not for use* 

In devising remedies, the essential things are a knowledge of the 
habits of the insect and a full understanding of the local conditions. The 
habits of the insect vary little from place to place, and their variation can 
be predicted; but local circumstances vary from village to village, and 
what is effective in the west may not suit the east. Thus it is that no 
remedies can be given for such a pest as the Eice Stem Fly ; its destruc- 
tion is purely a matter of local knowledge and of so altering the local 
agricultural practices as to baffle the insect; no amount of scientific 
training’, no remedies from the most advanced scientific nation can help 
us in a case like this, and nothing can replace the local knowledge that, 
combined with a knowledge of the habits of the pest, at once points to 
the one weak spot in the life of the insect and adjusts the agricultural 
practices accordingly. That is the essence of remedial measures. 
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The remedies described below arc tliose so far tested a«‘aiiisi crop 
pests in India ; they have been laboriously worked out after many failures 
and in tlie face of many difficulties ; they are in the nature of suy’,^*csiionSj 
not of recommeiidations ; such sug’gestions as are of value when one is 
face to face with a pest and seeking’ for some method that, will tit in with 
the agricultural conditions and with the ways of the insect. It is not to 
be supposed that any one can read these pages and find a. reine,dy for 
every and any pest. At best they are suggestions; which are tlie pick of 
the methods used abroad and wliich should he familiar to thosi^ who 
experiment with crops ; when the pest comeS; some method may be 
modified with practice; which will perhaps meet the ease and give good 
results. No remedy is of the slightest use unless done thoroughly and 
with the full determination to destroy every single insect; if one Cimld 
but educate the ryot up to that feeling; there would not be a pest left 
in densely populated India. 

The simplest method is to pick the insects olf the plants one by om^ 
and kill them. This is tediouS; but satisfactory and effective. As stated 
above, the common hen is perhaps the best agent fur the piirptjse, l>ut it 
is a remedy far more suited to the ways of India where holdings are 
small, time is plentiful and patience unending than to otiier countries. 
Having secured the insects, there is no difficulty in killing them ; a pot 

little kt.Toscne 

iioating on a pan 
of 'watiU’, two fiat. 
stone.s or a fire are 
all iH|ually eftee- 
tive. Idle praetiet! 
of ea refill ly pick- 
ing off; eaterpillarh 
a n d liberating 
them at. a distamat 
of say one luindred 
}'ards from the 
infested plot is 
not only inef wtive 
and futile but need- 
lessly eriiel 

An improvement on hand-picking is a bag, a basket or a netl The bag 
is a most valuable instrument, which can be made to suit all circum- 
stances ; with a width of 1'^ feet and an opning 11 feet liigh, it 
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'le most %mfd hag^ with cross hamhoos joined ia the ^:prig 
side bamhooSt ailoimng the mouth to he instantlg closed. 
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large stretches of grass land ; made smaller, say ten feet by two feet, it 
can be run over a rice crop, over wheat, lucerne, mustard, etc. ; smaller 




Bag with iwo w^fight laniboos. 


Still, It IS attached 
to the frame of 
bamboos and a 
single man draws 
it between the 
rows of crops, 
along grass strips, 
in any narrow 
places. The sim- 
plest pattern has 
only two upright 
bamboos to hold 
open the sides; a 
better one has four 
bamboos, the two 
cross ones with 
projecting handles, 
and this pattern closes up automatically at the end of each sweep. 

The depth of the bag depends upon its use ; on the ground it may be 
five to seven feet deep ; but should be shorter for use on crops where 
has to sweep over the plants and not hang too much. At the end of[each 
sweep the bag is 
emptied into a hole 
in the ground ; 
where the insects 
are very active, it 
is twisted up to 
crush them and 
then opened. (See 
page 288, appen- 
dix A.) 

In some cases 
it is desirable to 
smear the inside 
of the bag with 
kerosene oil, heavy 
oil or tar to catch 
the insects as they fly in ; a bag which is slightly moistened with kero- 
sene is more efeetive because the kerosene at once kills many insects. 
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Small lag with two cross lamhoos. 


/j- PilEVKXTlVH AXD KEMEDUL 

Tlic basket is an adjunct to liaiid-pickiuj^' wlieii it is [Jussibli? to siiakt* 
insects oil: tlie plants into the baskets a-ud then into a tin oi k<‘rt»s(’ne ami 
water^ as recomnieiided for tlie lied Cotton Eug* (l>a^‘e tj. Jt is useful 
for weevils and plant-feeding* beetles. 

The net takes the place of the bag* in some cases, as wlani eai(‘!iing’ 
the Banded Blister Beetle. What is recpdred is a bag of cloth cut as 
ligiired (page 289 ) and sewn up, fastened to a slip of bamluH) that is lashed 
to a short handle. The component parts are very simple, t lie net easily 
made and it does good service in gardens and small holdings wlien* such 
insects abound. The practice of trenching has been mentioned al)i)\e it is 
useful when one is catching caterpillars with bags as many escape tlu^ hag, 
wander about the soil and fall into the trench, where tluy can he killed. 

Baits of cut vegetation are useful traps. iMany inj\iriuus itis(‘cts huh* 
during part of the day and will do so in hunciies (d; green vt*getatttin, if 
these are laid about the field. The hunches must he examined p(*riodically 
and the assembled insects shaken off into hot water or keroseiu? and wattn*. 

Lights are useful traps for a few insects, espeeially for such as i\y at, 
night. Their use is very limited and fires are often as useful, l'lu‘ light 
trap consists of an ordinary kerosene lamp hung over a !)road tray eintuin- 
ing jaggery and water or water with a film of kerosene, d'wo bent |iie('es 
of tin serve as reflectors. Coekcliafers, some moths, ants and a, lew 
other insects arc generally captured and the trap has a in certain 
specific cases. 

Smoke is a deterrent to some insects, notably such as altai'k rice and 
other dense crops in which smoke hangs well. Tlui sniokt* of a ft*w lirt\s 
will not kill anything, but may drive out such an insee.t as tlie liice Bug 
at a critical moment when the grain is forming. The same applies lt> 
cockchafers, which attack grain crops just as they are ripening and which 
have to be kept off until they die naturally or until the grain is hard 
enough to resist them. 

Cultivation in the form of hoeing, surface ploughing, etc., is valuable 
chiefly in exposing insects to birds or weather and is less a remedial 
measure than a preventive of attack ^ many insects that eat crops harbour 
in the soil or descend there to pupate ; when this is the case cultivation 
turns out many to become the food of mynas. 

Other simple remedies are discussed above under Preventives." A 
great deal can often he done to cheek a pest by sacrificing a |K)rtion of tin* 
crops that is first infested or by sacrificing^ a young crop witli the inseetK 
on, ill the hope that a second crop will grow up free of the insects. A 
caterpillar-infested crop can often be wisely fed to cattle or cut down, 
when a new crop is likely to come up. 



CHAPTER VII. 

INSECTICIDES AND SPRAYING. 

T he essence o£ remedial measures is to attack the insect directly^ to make 
life unbearable to him^ to do something to kill him or to drive him 
away. Such methods are but little known in India; the methods of 
killing insects on a large scale^ of poisoning acres of crops^ of putting 
machinery on to deal wholesale destruction,, do not occur in Indian 
agriculture. At most^ simple methods aimed at frightening the insects 
are adopted without any co-operation. With the eultivatoPs knowledge 
of the medicinal value of plants, it is somewhat strange that plants are 
not used as insecticides to a greater extent. The juice of some plants- is 
poisonous to insects, as is the infusion of the dried leaves and roots or the 
smoke made by slowly burning the dried plant. But such plants are little 
used ; the juice of Mupliorhia neriifolia is used to smear toddy-palms in 
Gujarat ; the leaves of nim are believed to keep off insects ; the infusion 
of Aclhatoda vasica or of Calotropis is used in irrigation water, as are 
such substances as castor cake and hJiurasani, Dekamali gum, asafoetida 
and similar drugs enter into the composition of such mixtures as Gondal 
Eluid.^^ These are examples of the use of plants, but they rest on no 
basis but that of tradition and are not always effective. 

It is singular that the value of tobacco infusion does not appear to 
be more widely known ; this is one of the few plants used as an insecticide 
in Europe, with hellebore {Veratrum alhm), pyrethrum [Fp'etJinm 
Gmerariafolum)^ quassia {Fiorena exceUd). From the use of these 
plants, European methods of checking insects have developed more in 
the direction of mineral poisons, a branch of entomology never practised 
in India. At the present time far more reliance is placed on mineral 
poisons than on vegetable poisons, and even the Kentish hop-grower is 
abandoning quassia for soft soap. This is true also of America, where 
the use of purely mechanical methods of checking insects is also being 
developed to a high pitch. It has yet to be shown how far Western 
methods are applicable in the East. To the Western mind it is far 
simpler to poison the plant by spraying on lead arseniate than it is 
laboriously to pick off the individual caterpillars. The Eastern mind has 
not yet fully grasped the idea that insects could be or should be killed by 
hand-picking, far less by such a method as poisoning the plant with 
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arsenic. If tliorc is any valne in tlie nsc t>L* insect icklt‘s in Iiuliu, their 
g'dieral adoption will be a matter of slow g'rowtb that must, tirst hi* 
worked ont on the experiment- farms. 

Insecticides are insect poisons and act in two wa\s. There are those 
poisons which are placed upon the food of the insect and whieh act npmi 
its stomach, just as medicines and poison do tipon human heing’s. d'hese 
are called stomach poisons and are meant only for internal application. 



Em. 93. 
Sj^raper. 


If caterpillars are destroying' the leaves of a valnahic plant and \vc I'sm 
put poison on these leaves, the caterpillar cats iht? poison with the lcavi*s 
and dies. It is only necessary to put such poison on the leaves i>f crops, 
and they are safe from all caterpillars, g’raj^'llopp^‘^'y of Inn* insects 
which eat the leaves. There are also many insectH which do not eat the 
loaf, but which suck out the juice ; these feed upon the sap of tlic plant, 
not on the leaf, and any poison on the leaf never reaches their stomachs. 
For these we cannot use a stomach pison as we cannot pison the sap 
of the plant. In such eases we must use poisons whiclt kill when 
the insects are wetted with them. These poisons are known as amiaei 
pomuy since they w'ork only when in contact with the skin of the iiisw't. 
If a colony of plant lice is sticking the juice of a cotton-plant, we cannot 
pison the juice, so we throw contact pison on the insects ; all .are killed, 
and if the contact pison is properly made the plant is uninjurc^. Both 
kinds of poisons have their uses ; we can poison any insect, even k, locust, 
with contact poison if we use it strong enough, hut it is better always to 
use a stomach pison for a biting insect, such as a locust ; wherei 
sucking insects we can never use a stomach pison and must always ' 
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contact poison. Stomach poisons aie in general far cheaper •, contact 
poisons for large insects require to be very strong and may injure 
the plants ; stomach poisons should always be used if possible, but 
if they cannot and no other method is available, we must use a contact 
poison. 

In using insecticides we must have a method of putting them quickly 
over a large surface of plant or insect. The value of insecticides lies 
principally in the rapidity with which they can be applied to a large area 
of crop. Insecticides can be applied in liquid form with water or as 
powder mixed with lime, dust, flonr, etc. An insecticide applied as powder 
requires only to be dusted on from a bag and this is the simplest method 
of application. A liquid insecticide must be applied as a fine spray or mist 
that wets evenly and distributes the liquid properly over the whole plant. 
Por this work the spraying machine must be used. 

Spraying machines are of many kinds, all designed to fulfil the one 
purpose of distributing fluid in a finely divided form over a large area of 
plant. The simplest pattern is the tin hand sprayer (figs. 93-94). It 
consists of a pump, wliieh forces air out of a fine nozzle ; the compressed 
air passes over the opening of a vertical tube, and sucks up a small quantity 
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JSand 8]^rayer s deiails of construction. 

of the insecticide in the reservoir, throwing it out in an extremely 
fine condition in the jet of air. The whole machine is made of tin and 
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wood^ costing* under two rnpoes to ])VC]>aiv. It covers wry little 
however^ and is snitanlc only for gardens and small holdings. It 
especially nsoful for applying contact ])oisons to small colonies oi plant 
lice, mealy bags and other sucking* insects, With it one ('an rapidly and 
effectively kill siicli insects when they are few. It is not adapted to larger 
areas, bnt as a ehcek on incipient discnises it is invaluable and admira!>l\‘ 
suited to the ryot, If this were in general list*, the plant lice that ravage 
cotton, wheat, mustard and other staple crops i‘ould la* ni])ptHl at tin* 
start and never get a real hold on the crop. 

For more extensive spraying*, a larger machine nnist be (‘inploycib 
and the Success Knapsack IMacdiine ^ is a useful pattern ohtuiuablt^ in 
India at a cost of Ks, tO. Tliis machim* holds four gallons of inst'cticldt* 
and can be workcnl on the ground for spraying* fruit tret*s or on tlu* 
back for spraying* crops. The insecticide is ]nnnped through tin* rubber 
hose out at the nozzle which In-eaks it u]> into a, inn* mist. Fit her 

of tw‘> mizzles «*an Ik* used, 
and of tlu^ two the liordtaiiix 
has the most general apfilication 
and value. The maeliim* is built 
of copper and brass, whit'b nu* 
not destroyed by inse(‘tieid(*s. It 
retpiiivs to !)(‘ kt*pt clean and 
will last for years with llie 
occasional riUiewal of tht* rulduT 
tube. With this maebine from 
one to two aci*e.s of crop can 1 h» 
sprayed in mw day, using two 
men at the madiine and olhtu’s 
to bring water, mix iiisectieidi*?, 
etc. This refers to casi*s when* 
continuous spraying is riH|uir(Hi 
as when a wdiole (*rop is to he 
sprayed -with Itml arson !at(‘. 
Where individual plants here and 
there are to be sprayed, as when 
apliu is attacking cotton, a far 
larger area can be covered daily, 
Larger machines are used to apply insecticides to fruit trees, to special crop 
and, in Europe and America, to field crops. It is unnecessary to diseusB 
these at present as they are not likely to be used for field crops in India* 
^ lEnglish copies of des<}riptiTe leaflet are a 
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They can be obtained on wheels to work by hand^ on carts to work by 
gasolene engines^ or portable outfits on the plan of a fire-engine are pre- 
pared which work by steam and 
cover a large area daily. 

The choice of insecticides for 
each ease is a matter requiring 
care. The principal insecticides 
are shortly described with their 
uses. The formulae for prepar- 
ing these mixtures are given in 
Appendix A, page 2 S3. 

Lead Arseniate. 

This is practically the only 
useful stomach poison available 
in India, and no other is 
required. Lead arseniate is a 
form of arsenic which combines 
the best qualities of the older 
stomach poisons, London Purple, 
Paris Green, etc., with qualities 
peculiar to itself. It is a white 
substance, procurable in powder 
or paste, which is insoluble in 
water, harmless to plants, and easy of application in the form of liquid 
or powder. It has a considerable power of resisting rain and so remaining 
on the plant in wet weather, and its white colour shows up on the 
plants to which it is applied. It is poisonous to cattle and human 

beings if taken in any but a very small dose, but it can be applied at 

such strength as to render plants poisonous to insects though not to 
cattle. Sprayed on to plants at the rate of one pound in 60, to 100 
gallons of water, it is eiffective as a poison to insects, and its efficacy 
is increased by adding jaggery, gur or molasses and lime. The usual 
mixture is one pound of arseniate, three pounds of lime and six pounds 
or less of any form of low grade sugar or molasses with the necessary 
water. It can be used at double this strength with full safety to 

plants. Applied as a powder, it is best mixed with twenty parts of 

wood ashes, road dust, cheap flour, powdered lime, or any other cheap 
neutral powder : it can then be placed in rough cloth bags and sh^kep 
oyer the plants, 
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Success Sprayer used, on the groxmd for 
spraying trees. 
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TKBKCTTCTDES AXD SPEAYIXd. 


It is applicable ao’ainsi all forms of biiiii£»‘ inseeis ; ii bills eaier- 
pilkrs;, loensfsj leaf-eafiiig' beefb‘Bj and oilier iiistvis ^vllit‘ll eui leaves. 
For an average crop of eoiton, j’oiing’ jnari or maize, pulse, easier, wlu‘ai, 
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etc., from 80 to 100 gallons of mixture are required per acre using 
from 1 to 1| lbs. of lead arseniate. This explains its small imison- 
ons effect on cattle, since tliere is so little arseniate actually on caeli plant. 
An insect eats so large' a proportion of food compared to its size, tlmt ii. 
absorbs relatively mneli more of tbe poison and is killed. Experiments 
made in tbe Punjab with bullocks fed on fodder dipped in tbe mixture 
showed that no barm resulted, and that fresbiy-sprayed fodder eouM 
safely be fed to cattle. As a matter of practice, tbe lead arseniate 
would not remain on a plant after tbe lapse of a week or longer, and 
tbe crop would have scarcely any poison on it after cutting and barvest- 
ing, In small gardens, in' plots of vegetable crops, it is simply applied 
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by moans of tho band spTa 3 mvfl, and it slionid bo kept for tin's purpose. 
On farms, it is nsofnl a^^ainst many pests wbicb attack valuable crops 
and render useless the results of other experiments whoso value is shown 
by comparative yields. Every experimental farm should keep and use 
load arsoniatc, applying* it with a good spraying machine and in powder 
form. It is obtainable from chemists at Re. 1 per lb. in powder or paste 
form. The paste contains 33 per cent, of water, and 1| lbs. of paste 
are sold as one pound of lead arseniate and should be used as one pound 
in mixing with water before spraying. 

Kerosene Emulsion. 

The most useful and simple contact poison is kerosene, the ordinary 
refined kerosene used for burning in lamps. It kills all insects when 
applied to their bodies, though its action is not fully understood. It 
acts partly by mechanically closing the respiratory openings on the side 
of the body, thereby asphyxiating the insects ; possibly it has a directly 
poisonous effect on the tissues of the insects when the vapour is absorbed 
through the system of air tubes which penetrate the body. Applied by 
itself, kerosene kills the parts of the plants on which it is placed so that 
the application of undiluted kerosene is as a rule fatal to plants. It 
has therefore to be applied in a diluted form, and, as it does not mix with 
water, it is made into an emulsion with soap and water. An emulsion 
of kerosene consists of water with kerosene in very minute drops ; and on 
applying such an emulsion, the water evaporates leaving a minute 
quantity of kerosene on the plant, which is fatal to the insects, but does 
not injure the plant. The value of kerosene emulsion lies simply in the 
fact that it can be applied at such strength as to be fatal to many 
insects and yet not injurious to the tender tissues of the leaf. 

Kerosene emulsion is prepared by boiling a solution of soap and 
water, adding kerosene and agitating or beating up the mixture so as to 
break up the oil into very minute drops, which gives the liquid a creamy 
white appearance. Such an emulsion can be made very strong and 
afterwards diluted with coM water to the proper strength for applying to 
plants. In cold countries, kerosene can be applied to leafless dormant 
trees in much greater strength than in hot climates. In India a 
strength of 10 per cent, of kerosene can rarely he exceeded. Kerosene 
has a peculiar way of " wetting or penetrating insects which are 
protected by a covering of mealy white wax. It is therefore particu- 
larly effective against mealy bugs. It kills aphis (Green-fly), the softer 
scale insects, green bugs, small sucking insects and also some of the 

a 
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more delicate caterpillars. Its use is si rid ly limited I o tlu‘se inseds and 
it cannot be used, for instance, to kill lar»*e caterpillars whieli are best dt‘ab 
witli by means of a stumaeb ])oison* 

Kerosene emulsion applied in ilu‘ ordinary tin hand sprayer, is an 
excellent remedy for the c'p/nV/^B which attack cotton, hier, beans, pulses 
and other field crops. In botanic pardons it is useful a^ninst all aphis 
and the majoiity of the scale insects. In veo‘dahlt‘ onrdtuis it can bt? 
safely applied against similar pests, and is often nsciully applit‘d over 
the whole of a garden to drive out unwelcome intnulers such as crickt‘is, 
grasshoppers, leaf-eating beetles, plant lice, jumping li<H‘ and other 
insects which are apt to gather in a well watered garden. 


Crude OH Emulsion. 

The heavier petroleum oils have a more p(*rmaiufnt and thorough 
insecticidal effect, especially where the climate is hot. and the lightm* oils 
soon evaporate. The ordinary emulsions cannot be mtwle with tlic crude 
oil, the best emulsions containing crude oil being ma^le l>y a .special 
process. Such an emulsion, containing 80 pt^r cent, of crude oil, with ill 
per cent, of whale oil soap, is prepared and sold, under the name of 
"Crude Oil Emulsion.^^ It was made at the Entomologist’s HuggCHtion, 
and analysis shows it to be pure, containing the ingredients given above. 

To use the emulsion, it needs to be mixed with i*old water in the 
proportion of J pint to a kerosene tin of water (d gallons). This 
amount measured and placed in a liucket or tin, is rea/lily mixta! wit.h 
water by pumping water on it from a spraying ina, chine or rubbing up 
the emiilBion by hand. It makes a w’hite milky fluid, remaining fit bw 
use for several days, whieli needs no further preparatioti befon^ application. 
This is the usual strength : it may be made twice a.s strong, and can tlnm 
still be used safely on all but very delicate plants. 

Like kerosene emulsion, this is simply a useful contact ikusoil It, 
is harmless to all animals if eaten and has a deadly effind. on insects only 
when they are well wetted with it. It should l>e applit>cl in the form of 
fine mist by means of a good spraying machine. For all soft insects 
such as aphis (Green-fiy), mealy bug, thrips, green bug, leafhop|»w, 
smal caterpillars, etc., it is effective. One application Mils the greater 
number and a second application completes the operation. In gardens, on 
fruit trees, on ornamental plants, on vegetables, it is a useful application 
for these diseases and has a further rrae in driving off many other insecsts, 
which, though not killed by it, find it objectionable. It has a certain 
value also in houseS| which are infested with obnoxious insects, etc, It 
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acts simply as a class insecticidal soap^ with a less objectionable 
smell than carbolic preparations. In tins way it is deadly to fleas for 
instance. 

It has a further value on domestic animals : kerosene is an excellent 
application for the skin and there is no better way of applying it than 
in the form of soapy emulsion. For ticks^ fleas, and other insects 
infesting cattle, horses, dogs, elephants, sheep, etc., this emulsion should 
be used, at the same time destroying the insects and improving the skin. 

It is obtainable in five-gallon drums from chemists at Rs. 8-14-0 per 
drum. 


Rosin Washes. 

Rosin has for many years formed the principal ingredient of many 
excellent washes for sucking insects. When boiled in water with a 
suitable chemical, rosin dissolves, forming a clear brown wash, which can 
be safely applied to plants at a strength sufficient to kill many insects. 
It is used in this way against many of the most resistant scale insects. 
A rosin wash of this kind on drying forms a varnish, which asphyxiates 
some insects hy closing the stigmata on the sides of the body through 
which they obtain air. It needs to be applied as a fine mist, hy means 
of a good spraying machine, and then has a considerable wetting power, 
covering the insects with a film of li(][uid which on drying kills them. 

There axe a variety of formulse for preparing this wash. Two may 
be taken as being the simplest and best, both having been tested in India 
and fonnd fully effective. (See Appendix A, page 284.) These washes 
are similar in effect and use. The second contains fish oil soap as well as 
rosin and is a more powerful wash in consequence. As caustic soda and 
fish oil are less easy to obtain than washing soda, the first wash should 
generally be nsed. Only when large quantities are to be prepared is it 
advisable to use the second wash. The rosin used must be the clear brown 
fir tree rosin imported from Europe. This rosin may also he obtained 
from the Forest Department at Dehxa Dun and Naini Tab 

The washes cost about Rs. 3 per 100 gallons, or Rs. 4 per 100 gallons 
on estates far from the coast and a railway station. 

These washes are for use against scale insects such as brown bug, 
green bug, black bug, etc., also against green fly (aphis) and similar 
small sucking insects. They have not the wetting power of kerosene 
emulsion and so are less effective against mealy hug or other mealy 
insects. They are excellent contact poisons,- useful against a variety of 
pests. Diluted wash (1 lb. of rosin to 10 gallons of water) is also 
valuable with lead arseniate, used as a stomach poison, since it protects the 
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lat.ior from rain and liolps it. io romain on i.lio ])lan('. Tlio wiirIi lias of 
ilsolf no idsoniipo’ tdlVoi on catilt' or otlior animals, and mn.y 1 h‘ safol}^ 
a,pplied ai. all iimos. It lias a.lso no oflV(‘.t as a sloinanli poison ii^ainsi 
pillars, oto., and is intondod simply as an oflioi(‘ni oonia(*i jiuison ji.i»’uinsf. 
all small snelcing* insocts oxeopt ilio moaly onos. 


Tobacco. 

Fermented tobacco forms a decoction which acts as a mild stomach 
poison and also as a contact poison. It rccpiires to l.)(‘ soahed in water io 
extract the alkaloids and then is best nsed with the addition of soap. 
It is a weak insecticide, valuable against plant li<*e, mealy bugs, soft 
sucking insects and very small caterpillars, but not so elteet ive as any of 
the above mixtures. It is obtainable in many parts of India, a.ud t Ik* wsish 
is best prepared from the stalks and refuse of the hnif toliaei'o. 

Sanitary fluid. 

The Ikpids called by this general name consist, largely of (*r(*osoti‘ 
oil containing carbolic acid (phenyl). Mixed with wat(‘r tbey emulsify, 
owing to the presence of rosin soap, and in \v{*ak emulsion are (‘X(*elleut. 
contact poisons. This is an insecticide not in general use (‘Isewhen* 
but which has given excellent resixlts in India. A stnuigih of one 
in one hundred of water is excellent against all forms of: soft .sucking 
insects, against plant lice, mealy bng, green bug, etc. At a stremgt h rd‘ 
one in sixty of water, it is a powerful insecticide, which kills all but 
the most resistant sucking insects and has a considera]>le effect on cattu’- 
pillars, small grasshoppers, etc. At greater strength it burns the 
foliage of actively growing plants ; it was used at one in forty againsi. 
the Bombay locust, killing a large percentage, and at in iwtutty 
killing everyone sprayed, without injury to the hardy foliage of 
treest 

Other contact poisons. 

Countless mixtures have been used as contact pisons since these 
were first tested and a great variety arc still in use. In India only 
what are known in Europe as summer washes" can be used, whieli 
restricts the available number. There is sufiSieient latitude in tlie above 
mixtures to suit every case and no good wifi be done by discussing the 
hundreds of mixtures recommended. This applies also to the patent 
insecticides ; none are yet proved to be as good as the insecticides made 
on the spt and none have the combined efficiency and usefulness of crude 
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oil emulsion. Any one requiring a made-np contact poison will find tMs 
suitable ; other made-np contact poisons can be purchased ; McDongaVs 
insecticide is an example^ which acts solely as a contact poison. It is 
valuable as a ready-made and effective contact poison^ which acts with 
much the same effect at the same strength as crude oil emulsion, the 
latter being far cheaper. Both have been thorouglily tested and both can 
be recommended. 

Insecticides are not like patent medicines, requiring only to be applied 
(or taken), when they do the rest. They must be used in good time ; 
an acre of mustard that was badly infested with aphis required two hun- 
dred and fifty gallons of insecticide to kill every aphis, or three times the 
amount required to destroy tlie same aphis at the beginning of the attack 
on another acre. They must also be applied intelligently and vigorously, 
with the express object of destroying the insect and not because it is the 
right thing to do. They must be applied properly, with an under- 
standing of what they are meant for and will effect. 
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INSECTS INJURIOUS TO CROPS. 




CHAPTER VIII. 

PESTS OP THE COTTON PLANT. 

T he cotton plant sufiers from a number of insect pests which lessen the 
vigour of the plant and diminish the actual yield of the lint and seed. 
These^ pests are widespread in India, do a great aggregate amount of 
damage and largely reduce the yield of probably every acre in India ; but 
they are disregarded by the cultivator, who is not aware that he can, by 
adopting simple measures, obtain a larger yield of finer cotton. These 
pests include the boll-worms, of which there are three species, two 
identical in almost all but name and one distinct species ; the two beetles 
that attack the stem • two bugs that attack the brflls ; and two caterpillars, 
an aphis and a leaf -hopper, that attack the leaves. There are in addition 
a variety of minor pests which are not exclusively pests of cotton and 
which appear only casually. 

The Spotted Boll-worm. 

Caterpillars which destroy ripening bolls of the cotton plant and 
which may be found by looking for such 
injured bolls before the cotton ripens. They 
are easy to recognise and readily reared to 
the imago. The life history is typical of 
the moths. 

The term boil-worm is in America applied 
to the caterpillar described in this book as the 
Gram Caterpillar (see page Md). In India 
this insect does not attack cotton, its' place 
being taken by the two spotted boll-worms 
and the pink boll-worm, the latter being 
discussed separately. 

Life Eutor^j , — ^Eggs are laid by the moth singly on the bracts, bolls 
and terminal leaves of the cotton-plant. Each egg is small, not more 

gures. Where u figure is said to be magnified, and a hair line is found heside the 
insectj this line represents the actual length of the insect as drawn. When there is no hair 
line, the statement, for example “magnifiied three times,” means that each lineal dimension 
is three times larger in the figui e, tbe figures being thus actually nine times magnified if 
wo consider the area it covers. A linear magnification of even three is considerable, and in 
comparing an insect with a figure (in the endeavour to identify the insect with the figure) 
a good lens must be used; the human eye cannot compare a small insect with its enlarged 
figure unless the insect is presented to it at least as large as the figure, A lens magnifying 
ten diameters will be sufficient for every insect figured in this volume, but it is impossible 
to compare insects and the figures unlses a lens is used. Where no magnification is 
mentioned and no hair line occurs, the figure is the natural size. 






CHAPTER Vlll. 

PESTS OF THE COTTON PLANT. 

T he cotton plant salers from a number of insect pests wliieli lessen the 
vigour of tbe plant and diminish the actual yield of the lint and seed. 
These^ pests are widespread in India, do a great aggregate amount of 
damage and largely reduce the yield of probably every acre in India ; but 
they are disregarded by the cultivator, who is not aware that he can, by 
adopting simple measures, obtain a larger yield of finer cotton. These 
pests include the boll-worms, of which there are three species, two 
identical in almost all but name and one distinct species ; the two beetles 
that attack the stem 3 two bugs that attack the bdlls ; and two caterpillars, 
an aphis and a leaf-hopper, that attack the leaves. There are in addition 
a variety of minor pests which are not exclusively pests of cotton and 
which appear only casually. 

The Spotted BolLworm, 

Caterpillars which destroy ripening bolls of the cotton plant and 
which may be found by looking for such 
injured bolls before the cotton ripens. They 
are easy to recognise and readily reared to 
the imago. The life history is typical of 
the moths. 

The term boll-worm is in America applied 
to the caterpillar described in this book as the 
Gram Caterpillar (seepage M4). In India 
this insect does not attack cotton, its place 
being taken by the two spotted boll-worms 
and the pink boll-worm, the latter being 
discussed separately. 

Life llidor^.’—'Eggs are laid by the moth singly on the bracts, bolls 
and terminal leaves of the cotton-plant, Each egg is small, not more 

ligims. Where a figure is saidto be magnified, aud a hair line is found heside the 
insect, this line represents tbe actual length of the insect as drawn. When there is no hair 
line, the statement, for example magnified three times,” means that each lineal dimension 
is three times larger in the figui'O, tbe figures being thus actually nine times magnified if 
wc consider the area it covers. A linear magnification of even three is considerable, and in 
comparing an insect with a figure (in the endeavour to identify the insect with tbe figure) 
a good lens must be used j the human eye cannot compare a small insect with its enlarged 
figure unless the insect is presented to it U hast as large as the figure. A lens magnifying 
ten dianaeters will he sufficient for every insect figured in this volume, but it is impossible 
10 compare insects and tite figures unlses a lens is used. Where no magnification is 
mentioned and no hair line occurs, the figure is the natural size. 
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than one-fiftieth of an incli across, round, of a Hnisli colour, finely rihhed 
and mm-ked. Within a few days it hatches (o a finv dark Vol, Hired 
caterpillai^ winch feeds first on the bracts and llowers or eats slrai..-l,( 
into the nnd of the boll. In the former case it attacks the hulls within a 

' ^ ~ ~ r-r: iVw tkrs. When no 

; aiT formed^ it. tun - 

deral.le distaiiei- down 

~ — — 1 file shoot, thus dt‘s- 

Kig* 00 f * * i 

f^polUi BoU-worm. (Umini/iedfmir lim-s.) ’ 

4, . j „ , ^ . 0 ^ j itenis its tva\ 

therind of the boll and tbe developing- lint, until it reached a seed 
winch it eafe. Having destroyed unc seed it eats another. If tlie bulls 
are small, they freqncntly drop uff, hut if a large pari, uf the seedi 
are eaten, the Imt is desti-oycd and the boll filled with excrement. 

single caterpillar will rarely destroy more than one laru-e IhiII 
bid: becomes full-fed in the finst. More than one is rardv futind i„ 
a boll unless small ones enter a boll already tenanted by a lar<-c one. 

When the eatcipillar is full fed, it _ ' 

leaves the boll and prepares a cocoon uf — — _ 

tough grey silk within -which it transforms 
to the pupa. In the black cotton .soil uf 
Western India, tliis is found in the cracks 
Md crevices of the soil. In Cawnpore, 

Mr. J. M. Haymaii states that it is found 
"on the bolls or bracts, generally between ^ 

tie two, and this is tbe ease also in 
Bchar and the Punjab. 

The period of pupation is from 8 to 10 - 

%s but may be longer in the cold wea- 
ther. Eventually the moths come out, 
and lay eggs, each moth laying 
about sixty eggs. The shortest total life 

nstory occupies about one month. Moths 

%iag in the duskj 
during the day they hide in the ground 

vr oil the cotton plants. They are not ' -J 

attracted by light. Both species also feed Fw- lOO. 

upon iimdt [ItiUscm uculentus) dcs- jBoll-mrm. 
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troyingtlie fruits or the succulent stems. In Western India these insects 
are active tbroughout the winter, where 
the temperature does not fall so low as 
in Northern India. ' Prom August or 
September to the following January or 
Pebruary there is abundance of cotton in 
which they multiply. In places where 
the temperature falls, as in the Deccan, 

Northern India and Behar, they 
hibernate as pupae, rarely as eggs, larvae 
or moths, until March. If cotton-plants 
are left standing in the field or if 

bhindi is available, they then find 
food; if not, they remain dormant 
as moths or possibly pupae, until 
the rains. "Where cotton is grown 
throughout the year, it is conti- 
nually attacked except in the cold 
weather. Both species are widely 
distributed in India and practically 
range throughout the plains. 

Spotted boll-worms are attacked 
by three distinct parasites, two ich- 
neumons and one tachinid fly. Of these, one ^ 
is generally distributed and a very important 
check on the increase of the insect; the fly ^ 
has been found in some scattered locahties 
and may be an insect of some importance. 

BescripUon, — The moth of the com- 
moner species ^ is coloured with a broad green 
band extending from the base to the apex of 
each wing. This green band may be absent, 
the whole wings being oehreous or bufl. 

The other species* has the forewings a 
bright green. In both species the moth 
measm’es a little under half an inch in 
length, the expanded wings nearly one inch. 

The lower wings are white, and the under 
surface of the body nearly wliite. 

1 96. lB,hogas lefrogi. Ashin. (Ohalcidai.) ^ 73. JEarias falia, Stoll. (NoctuidiE.) 

2 99. Phoioj^s orh&ta, Wied. (Tachmidso.) ^ 108. Parias imulana. Boisd. (Nbctuidte.) 



Fig. 103. 


Spotted PoU’Worm Moth. 

three times.) 



Fig. 102. 

Spotted Boll'worm Moth. 
{Magnified twice.) 



Fig. 101. 

Cocoon of Spotted Boll-worm. 
{Magnified three times.) 
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The caterpillars are short and thick, not more than iwu-thirds ol‘ an 
inch long* when full giwn. The colour is very variable, a mixture ul! 
white, gTecn and black, with orange spts. The predominant enluur may 
be a dull gi-eenisli while, with black marks and small orange spots, or 
black, with an irregular band of greenisli white from head to tail witli 
orange spots on the sides. There are tubercles on each segment, hearing 
hairs; the orange spots appear only in fairly advanced larviu and the 
(piitc young caterpillars are darker. Logs and prolegs arc present, the 
liead is dark in colour and there is a dark prothoraeie shield. 

The cocoon is less than half an inch long, oval and iiattened, ma,dt‘ 
of grey silk closely w'ovcii. It has a resemblance to the grey wotiily buds 
that fall off the cotton-plant. 

Eemedm . — The treatment of this ])est depends upon the eoiuHfious 
under which cotton is grown, and the variety of cotton. Oerlain varit't i(‘s 
show a complete or partial immunity to it, hut it is nneertain how far 
any variety will prove immune when grown as a field crop, Ihie 
varieties now grown as field crops are apparently all attacked. There is 
only one direct remedy that can at present be advised for gmieral 
adoption. It is applicable only to cottons which produce a crop of liolls 
at one time and is ineffective in varieties which continue to produce 
bolls over a long period. It consists in destroying as many of the 
caterpillars fis possible in the shoots of the cotton or in the first bolls. 
The first brood of boll-worms is found in the shoots and in fiu,‘ early 
bolls ; the dead shoots are readily seen and destroyed, the attacked bolls 
are easily found and burnt. There is no loss of crop^ as these boils will 
never }deld cotton, and it is very imprtant to check the first brood which 
soon becomes a very large second brood if left alone. This metiiod caa 
be carried to the degree of removing all the early bolls. 

Another treatment, still in the experimental stage, eonsisfs in 
spraying with lead arseniate when the bolls first form. A previfiitivi? 
measure of some importance is to remove the plants when the crop is 
picked. It is not nncommon to see stray plants still living in the hot 
weather after the crop is lim vested, which help the |)eBt to incrt‘asi‘ at a 
very critical time, esjiecially if showers fall and the cotton makes a little 
growth. 

The importance of bhindi as an alternative food-plant is also great. 
Where bhindi is grown, the insects can breed in it when cotton 
is not available. Where cotton is a staple crop, bhindi should not be 
grown except when there is cotton. It should not be grown in Oujarai, 
for instance, from February to August, as it helps the pest tio incrtm'i" 
during the hot weather and early rains, providing a large number of 
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motlis 1,0 breed caterpillars wbicli attack the cotton in Augnst and 
September. Experiments arc in progress to use bhindi as a trap crop in 
or around cotton, in tbe hope of collecting tbo insects in that crop wliieli 
can then be destroyed. The success obtained during the past season 
justifies tlie more extended trial of tins measure. 


The Pink BoIi=worm, 

Associated with the spotted boll -worms is a slender reddish caterpillar 

found feeding in the 
green or ripe bolls. 
It is easily distin- 
guished from the 
other caterpillars 
found on cotton. 

The moth lays a 
number of small flat- 
tened eggs, similar to 
those laid by the 
majority of small 
moths ; the eggs are 
deposited singly on 
leaves, stalks and 
bolls, and hatch in a 
few days. 

The young cater- 
pillar is white, with 
a dark head, and is 
found feeding on the leaves or on the outside of the boll. It does not 
immediately attack the boll but bores in through the rind when it has fed 
for a few days outside. 

Like the spotted boll-worms this one feeds upon the oily seeds, eating 
seed after seed until it has become full grown. As a rule one will he 
found in a boll hut exceptionally several attack the same boll. The full 
grown larva is of a white colour, with bright pink spots, more slender 
than the spotted boll-worms and without processes. The larval life varies 
in duration according to the season but occupies two to three weeks in the 
active period. The full grown larva forms a slight cocoon of silk, in the 
boll or on the bracts or leaves of the cotton. In nnirrigated black cotton 
soil this may be found in a crack of the dry soil. The shortest period for 



Fig. 104. 

Fhi'k Boll-icorm, (Magnified.) 


^74, G$lecMa ffossypiella^ (Tipeidse.) 
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tliR pupa is from fonriotm to oiwlitemi ,l,ivs, aflor which flic mot' 

pinpr^es. 

The moth is h>ss tlian half an inch in Icnffth, th<^ anfemuo filil'onn, fh 
palpi upturned^ ilu' ovn- 
<^ral colour groy ]>vown 
dark hlotelios and 
suffusions, wing's 

with long' lu’own fringes. 

The moth cannot easily 
ho distinguished from 
other Tineid motlis hy 
its appearance alone. 
i\Ioths fly at night and 
dusk : they are attracted 
hy Hglit and are rendih' 
captured in lamp traps. 

The pink boll-worms 



arc most abundant wlien i u 
fte cotton forms bolls 

m October or earlier; the active i^iod is dnrins «ie mins and after- 



Fig. 106. 

IPmTc Soil-worm Moth. {Ma^nifed »ix 
times*} 


dimatje conditions and fbe suppljr of 


in many jjarts of India the 
larvae hibernafe in flu- cold 
weather, Imt this is not the ease 
■for instance in Smith (rujarat. 
In Behar the larviB livi? tlimu,!>-h 
the cold weather in the lint or 
seed of the cotton, emerje-inji' as 
moths only in March or April ; 
their further activity depends 
upon cirenmatanees, the moths 
laying eggs then if eotton is 
available. There may be a 
further period of rest during 
the dry hot months before 
the rains. Actually laxv® have 
been found active in all months 
of the year, but there are two 
main periods of rest, from 
November to March and from 
April to June, depending upon 
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The pest is a.ppareEtly universa] in India, Ceylon, Burma and the 
Straits Settlements, causing a very large aggregate loss to cotton in India, 
which may amount to at least one crore of rupees annually. The destruc- 
tion of the seed, the 
staining of the lint 
and the loss of 

young bolls are the 

principal forms of 

damage. So far as 
is known all varieties 
of cotton now grown 
as field crops in 

India are attacked, 
the American and 
Egyptian as well as 
the indigenous. It 
remains to be seen 
whether there are any 
varieties of cotton im- 
mune to the pests, but none have definitely j^roved so up to the present. 

Unlike the other boll- worms, this species has not been found attaeldng 
plants allied to cotton ; its wild food-plants appear to be trees with oily 
seeds which are widely distributed in India. 

Remedies . — The first and most important remedy is to check the 
increase of the pink boll-worm by plucking off the first crop of bolls if 
they are attacked. When the first bolls are forming, the first batch of 
moths lays eggs on them and the boll-worm commences. If left alone 
these boll-worms will emerge as moths and each lay many eggs. The 
increase from one pair of moths being large, the second brood is generally 
a fairly numerous one. Had this first brood been destroyed, it could not 
have multiplied and destroyed so much cotton later in the season. 

The second precaution is the treatment of seed by fumigation or 
other means to destroy the hibernating larvse. Eumigation with carbon 
bisulphide after the seed has been picked over in the sun is the most 
effective method of freeing cotton from boll-worms. Equally it is import- 
ant to pick off the bolls which are destroyed on the plant. Leaving on 
the plants the bolls that are eaten or destroyed assists cotton pests to 
multiply and increase. It particularly assists pink boll-worms and the 
cotton bugs. Other methods of treatment, such as the spraying of bolls 
with lead arseniate and the use of light traps, are as yet only in the experi- 
mental stage. 
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Fig. 107. 

Parasite on Caterpillar oj Pink BolUvoom, 
(Magnified six times.) 
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Goiionilly tlu‘ pit'lvini*’ of 1 ]k‘ iii'si bolls is }mu‘ii(‘ariy the only Lu^tluui 
that, pan at ])r(‘st.‘tit ho advis(‘d. AYluai the <'<)itoii bolls an* 1'orim‘d at^ om* 
soasoa only and tin* orop ripens (piiokly and lu^arly siinulhuK^ousIy , 
this method is eapable of onaioral application; in tin* (‘as(‘ of (‘ottous ihat 
yitdd slowly and continuously over lon«’ periods, it is doubtful if a full 
cro]> can ever be obtained or even a reasonabh' proportion of the crop. 

For such cottons the pest may la* rt'i»‘arded as a V(‘ry s(‘rious one. 
Trap erops of annual cottons may (dfeet .soni(‘thini>‘ in ilu‘ <‘ase of valuahle 
tree cottons, if sneh trap cro])s are used intellio'cntly, hut this method 
also is only in the experimental stao’c. 


The Cotton Leaf«=Roner.i 


A slender caterpillar of a ])ale o-reonisli colour with a dark-col ourt‘d 
head, which lives upon the lower side of the leaf of the cotton and hhindi 
}daiits, folding the leaf over and eating it ; it is easily recognised and is a 
very common pest of these plants. As a cotton pest it is of somt* import- 
ance, especially in the early life of the ])lant, and needs t(» Ik* vigorously 
cheeked from the outset if it is not seriously to injure or delay tlu* erop, 
LifQ Ilnlorj /. — ^The female moth, flying in the dusk or at night, lays 
her eggs on the lower side of the leaves, one here, one then* ; st>mLt‘timt*s 
one on each leaf, often two or more. The t*g'gs art* small, round gn‘einsh 
object s, about the same size as the head of a small ]mL Tht‘y hafth in a 
few days and a tiny slender caitu'pillar com(*s out. Iht? young (*aterpillar 
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Cotton hams-, rolled hj the Cotton Leaf'MolUr, 
(The lej't hand Uafmntaim two caferpUlars*) 


IVeds ti]Jou 
i ht* It *af gnaw- 
itig th(^ lowt‘r 
sidt* ; it spins 
threads cjvtT 
and around it- 
stdf as a protecf- 
tion and soon 
sheds its first 
skill and grows 
larger. It then 
continues fe«l- 
ing upon the 
leaf ; as a rule 
it turns the 
edge of the leaf 
over in a fold 


37. S^Ie^ta dero^ata, FaLr, 
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and binds it down with silken threads^ living safely witbin tMs 
fold. As it ^rows larger, it binds more and more folds togetber, forming 
a kind of nest of rolled leaf in wbieb it feeds. In those varieties 
of cotton with a large leaf, tbe whole or a great part of the leaf is 
thus tied together and if the caterpillar eats much at the base, the leaf 
withers. In the case of bhindi or of varieties of cotton with smaller, 
divided leaves, the leaf may be simply eaten, not folded together into a 
compact bunch. Especially is this the ease in the smaller-leaved cottons, 
where the caterpillar lives in the top leaves of each shoot and binds them 
all together. These folded leaves are fairly characteristic of this insect and 
if opened wall be found to contain one or several caterpillars, with 
a mass of black excrement in grains. [Another caterpillar (the 
bud caterpillar No, 80) 
lives only in the top leaves 
of the shoot, binding 
them into a very compact 
mass, which withers and 
turns dark ; one can readily 
distinguish this by the 
appearance of the cater- 
pillar, of which only one 
lives in each mass; it is 
small, not more than half 
an inch long, of a distinct 
opaque duh green colour, 
not shiny and transparent 
as is this leaf-roller (see 
page 99)]. 

The leaf-roller grows to a length of over one inch; it is slender, 
the body transparent with a faint greenish tinge, and the dark contents 
of the alimentary canal showing through the skin ; the legs are dark, 
and easily seen, the sucker-feet long and slender. The head and neck are 
dark brown and there are a few long slender hairs on each segment. 

After two to three weeks'’ life as a caterpillar, the last skin is shed 
and the chrysalis is formed. This is shiny chestnut brown, with no legs 
or means of locomotion, about half an inch in length. It hes among the 
twisted leaves suspended by the threads made by the caterpillar, and is 
easily found by untwisting the rolled-up leaves. It lies motionless for 
eight days and then opens, the moth emerging. 

The moth is of a whitish colour, with a faint yellow tinge, the wings 
with many fine dark lines, forming an irregular pattern, It is less than 

H 
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Moth of Cotton Leaf-EoUer. (Magnified.) 
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one iiielx in lengtlij measuring one and a lialL' inches across 'wlien the 
wings are open. It is very easy to rear and recognise; tlic !)ro\vu 
chrysalis^ if left in a box^ will yield the motli in a few da,}\s and the iiiot-h 
cannot easily be mistaken for any other moth that lives upon cotton. 
The moths fly about the fields in the dusk, Ijdiig hiddtni among* the leaves 
during* the day. After coupling, the female lays eggs and the moths die. 

The whole life of this insect occupies from three to four weeks, so 
that one brood succeeds another rapidly during the warm weather. There 
are three broods at least in cotton before tbe cold weather, and as eaxfh 
moth lays many eggs, the pest increases rapidly. With the advent of 
the cold weather, the pest disappears. It is not known to be activi* 
during the winter months either in Gujarat or in Behar. It hibernates 
during the cold weather, reappearing with the rains or rarely before. It 
is not^ therefore, found after November and is a pest to <adton only up tt) 
this month. 

The food-plants include both cotton, holly hixlc and lady- finger,’^ 
or bhindi {IliMscns esculentm)* Possilily there are other wild plants on 
which it can feed. As the latter plant is grown during the rains as 
a vegetable, the moths that come out in the early weeks of t he rains can 
lay eggs on it and so there may ho one or two broods before it attacks 
the cotton. It also breeds during the hot weather if plants ate available. 
To both plants it is destrueUve simjily from the damage caused to the 
leaves. Where it is abundant and strips the plants, it may prove a serious 
pest, the full yield of cotton not being obtained. One of the common 
parasites, a tiny black %, lays its eggs in tbe caterpillars ; the eggs hateb 
to grubs which feed on the caterpillar and finally come out, tfi form a 
small egg-shaped irhite cocoon on the plants 5 tlie caterpillar dies and this 
insect does mucli to check the increase of the caterpillar. 

Mmedies ^ — ^The pest is not a very easy one to destroy on cotton, and 
the first consideration must be to prevent its occurrence as far as possible. 
As the pest comes from bhindi, the best thing is to grow no bhindi at 
iill within reach of the cotton or to grow it in the young cotton plants and 
tise it as a trap* The indiscriminate growing of bhindi where cotton 
is also grown is the surest way of helping the pest to attack the cotton* 
Bhindi should either not be grown at all until November, so that the 
pest may have no food-plant on wliicli to increase, or should be grown 
carefully as a trap crop for the In the ktif*r case, if it is sown 
between the cotton, it will come up more (piiekly and the caterpillars 
IviU be found first upon it. The caterpillars must then be destroyed 
and the bhindi plants too, as soon as the cotton is large enough to attract 
' the moths to lay eggs. Two months or ten weeks would probably be 
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tiie time during wLich the bhindi should be allowed to grow^ after which 
it should be remoyed and destroyed with all the caterpillars and chrysalides 
on it. Some will attack the cotton and then can be remoyed by plucking 
all attacked leaves and burning them, This simple method should be 
applied when the bhindi is removed, if the latter is used as a trap, or as 
soon as the pest is seen on the cotton. It serves to destroy the first brood 
on the cotton and so to check the pest from the beginning. 

In bad cases of attack on cotton, spraying with lead arseniate is the 
radical remedy, and where some varieties are grown experimentally^ this 
should be done. Where cotton is grown on a large scale^ the pest does 
little harm as it has so wfide a range and does not gather on particular plants. 
But where cotton is grown on a small scale, there may be so much of the 
pest as materially to lessen the vigour of the plants, and in this case spray- 
ing with lead arseniate is necessary. As a rule, the simple remedy of 
picking o:S the affected leaves as soon as they are seen is the only remedy 
necessary. If done in time, it is entirely effective early in the season* 

The moth has a very wide distribution over the East, from West 
Africa to Siberia and Australia. It is not recorded as a pest outside 
India., except from East Africa and doubtfully from the Straits Settle- 
ments* 

The Cotton Bud Caterpillar.^ 

A small caterpillar which lives on the top of the shoot of the eottoli 
plant, binding the leaves together into a small compact knot which tutlis 
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CoUon B%d\Cale7';pillm\ {Magnified four iimes^ 



C(jUon Bnd Caier^iUar. {Moy%ifed few iin,es) 
^ 80* Thgcita %nfuella> Mt'yr. 
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brown. This pest is easy to recognise from tlie twisted lea\'es at the end 
of the shoot and their withered appearance. 

The caterpillar is a small opaque green onC; with faint loiigiiudiual 
lines of brown pigment visible only when examined with 
a lens. It feeds upon the cotton bud and on the leaves 
at the tip of the shoot, webbing tliese together with 
threads. The small brown pupa is found within the 
twisted leaves. The moth is less than half an inch lung, 
the anteimiB swollen beyond the basal joint, the palpi 
upturned; the thorax and basal half of the wings arc 
grey, the apical half being darker. It ilies in the dusk 
B^ireJLpUlarl readily noticed. The caterpillar is found on 

Lfh adheriiit/ the cotton from August to November, after which it 
hibernates. When abundant, the jdant grows short and 
bushy, and in many cases the insect does good by eiiecting an even 
pruning. It is a pest only when abnormally abundant. 

Indigenous cottons similar to the Broach-Beshi, Goghari, etc., arc 
attacked ; American and tree cottons appear 
to be immune. Tlie i)est is apparently 
widely spread in India but nowliere seriously 
destructive. It is very easily checked by 
pulling oi! the little dried knots of leaves 
and burning them with the lai-va or 
pupa inside. Spraying with lead arseni- 
ate also checks it but is not generally 
necessary. The pest is one that is on tlie 
whole of little importance, and generally 
needs to |je cheeked only on experi- 
mental farms where the cotton plants are 
required to come to their full normal 
vigour. Parasites keep it in check to 
some extent. Where the mealy bug 113. 

attacks cotton, the two pests are found Mofk of Cotton Bui €aierp{ilm\ 
together, and often the bud eaterialhir Jm tim,.) 

h confused with the caterpillar which feeds upon the mealy bug. 

The Cotton Stem Borer 

Buriiig the from the lime Gie first flower 

buds are form^, bolls are picked, single plants are found to 

^ ffossppiL Kerr. (Bui»re8iiM«.) 




Fig. 312. 
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wither^ turn yellow and dic^ apparently 
without cause. I£ such plants are pulled 
up and broken across at the crown, it 
will bo found that the centre lias been 
eaten out, a round tunnel extending up 
and down the thickest part of the stem. 
Possibly the insect causing* this damage 
will he found inside the tunnel, and there 
can then he no doubt as to the iden- 
tity of the insect. No other insect 
is known to attack cotton in this way in 
India, and if such bored cotton stems are 
found without the insect, search for other 
withered or dying plants will probably 
reveal a plant with this insect at work. 

Lift Eidorij . — The grub enters the 
stem near the crown, hatching from an 
egg laid there by the beetle. It bores 
into the stem, feeding upon the tissues as 
it goes, and making a neat round tunnel 
up and down the centre of the stem. One 
grub inhabits a cotton plant and its tunnel 
sooner or later destroys so much tissue 
that the plant dies. The grub is white, 
in length up to one inch, with a slender 
body, very much swollen into a round, 
slightly flattened bulb at the front end. 
The head is small, in front of the swollen 
thorax, and has powerful jaws with which 
it gnaws away the wood. Legs are absent 
and the bulbous swelling fits the burrow in 
such a way that the larva can move by mus- 
cular contractions and expansions of this part. 

When full grown the grub eats a hole 
almost to the outside, leaving the hark 
intact, and turns to a chrysalis within the 
burrow. The chrysalis is white, becoming 
dark before it emerges, and the legs, wings 
and antennse of the future beetle may be 
seen folded against the body. It lies 
mptiopleps ydthip the jb^nw whilst the 
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Ijeotlu is oTatliially fiU’motl, Tlio bocilc cmeri^'os is of a dark 

bronze colour, liard, witli lei>‘s, wing-s and antenmc. It measures one-tbird 
of ail iiioli in leugtli and is recognisable b^' its colour, its size ami 
its truncated appearauct* in 

fronU 

Jl emerges tlirougb tlu! 
ibiu bark left b}' tlie gTub. 

Having mated, tbe female 
beetle lays eggs and dies. 

Tbese beetles are not 
easily noticed in tbcfcotton Fig. 115. 

tlelds, They fly actively ' Bonr lu 

and are sometimes found on the leaves oftlu' plant. T]uu*(‘ maybe 
as many as four irregular broods during ilu^ I'otton season; the 
first is a small one and only few plants are destroyiHl ; tlu^ secoml is a 
large one, the beetles of the first brood laying many t*ggs ; tbe tlurd 
brood is large but is liable to suffer miicdi from parasites; the fourtli 
brood may be very small and is not im])or{aiit, the cot ton having bt‘en 




a. im Fid. 117. Fie. 118. 

; i'n stem. &em ^orer Jtrup MoU Bedh 

{M&gnijied three times.) 

]>icked before its arrival. These broods are quite irregular and not well 
marked, since the beetles do not all come out at once. The destruction 
to the plants will be noticed when flowers come out; it may be seen 
r, depending upon the growth of the 
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Remedies , — The pest is easily cheeked if all the withered plants are 
removed regularly and systematieally. It is easy to see withered plants, 
which can be collected and destroyed before the 
them. There is no other simple remedy. It 
may be found possible to apply a dressing to 
the plants that will keep off the beetles and 
prevent egg-laying, but the remedy above given 
is so simple and thorough, if carried out from the 
first, that there is no reason to spend money in 
preventing the first brood from coming. It is 
better to let it destroy a small number of plants 
and then make sure of catching it in these 
plants. Two parasites lay their eggs in the 
grubs of tliis beetle in the cotton stem, which 
check it to a slight extent. It is better not to 
destroy these parasites if they are present in the 
cotton stems, and this may be effected thus. 

Place all the stems which are collected in a box 
or barrel with the lid covered with thin cloth, securely tied down. The 
beetles and parasites will hatch, the latter being flies easily distinguished 
from the bronze beetles. The box can be examined periodically and the 
parasites, if any hatch, allowed to escape. The beetles on hatching will 
lie motionless in the box and will not attempt to escape if the cloth is 
quickly lifted, whilst the parasites arc active creatures which will fly 
out of the box at the first opportunity. The parasites will then go 
to the cotton fields and seek for grubs of the beetle in which to lay 
their eggs. 

This insect is common in Gujarat, the Deccan, the Central 
Provinces, and parts of the Punjab. It is rare in Behar and is apparently 
not so universal a pest as the other insects that attack cotton, Theie 
is no record of its occurrence outside India. 


beetle escapes from 



Fig. 119. 

SUm Borer Beetle, 
(Mctgnijied jive times.) 


Cotton Stem Weevil.^ 

A small white grub found tunneling in the stem or branches of 
certain races of cotton ; the grub is small, less than one quarter of an inch 
long, distinct in appearance from the stem borer. 

This pest has been found only in Behar and has not been under 
observation for any length of time. The small white grub feeds on the 
tissue of the cotton stem, making tw isted galleries which it fills with 

' 1J42. (CurculiamdsB.) 




104 - 


PESTS OP THE COTTOX ?L\XT. 


exErement. The ^qrub is wbito, Ic^’Ieps; not miispieiionsly swollon m 
front. It transforms ill ilto burroiv to a small wliite pupa without- cover- 
ing*. From this a small wtH'vil (unerges, 
in length about one-eighth of an ineh, 
of a brown colour with black and whitish 
marks. The insect has a slender curved 
beak. 

The weevil is so small and its 
flight so quick and active that- it is 
not easy to find in the field. They 
may he found coupling on tlu‘ cotton 
])lants prior to egg-laying, bnt an* not, 
likely to he seen or recognised. As a 
result of the attack of this pest, tlm ('ottou hramdi dies or the stem 
of the cotton plant swells and in a high wind lireaks. Tht^ peculiar 
swelling of tlie base of the stem of the Broaeh- 
Doshi cotton plant is a symptom of this pest, and 
t hough the plant lives, it may ho destroyed in 
the first liigh wind. In Behar, the Broach, 

Gogdiari and other Bomhay-Beslii cottons were 
attacked in the stems, the Eg}q')tian cottons 
seriously injured in the same -way and certain 
varieties of tree cotton {Carfwonica and others) 
attacked in the branches. Other tree cottons and 
many indigenous (?ottons were on the wliole 
exempt from attack. Once infested the plant is 
doomed and only preventive measures are ef ective. 

Experiments with trap cottons and other trap 
plants are in progress, and further investigation 
may reveal some method of checking it. The pest is unlikely to occur only 
in Behar and may be looked for in other parts of India. 

The Red Cotton Bngd 

Tills insect is the most familiar insect pest of cotton occurring gen- 
erally in India, attracting attention rather from its vivid colouring than 
its destructiveness. It is almost identical with the Bed Cotton Stainer 
of the United States and West Indies. The full grown insect meaKures 
a little more than half-an-inch from the head to the tip of the wings. 
Eed is the predominant colour, the eyes, the antenna, a spot on the 
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Fig. 120. 

Tlie Cot fen Stem Weevih 
(Mn^gnififid seven fhnes.) 
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scutellum and on each wing being black, the apex of the wings absolutely 
black and forming when folded a black diamond on the upper surface. 



Fig. 122. 

for 

Red Cotton Bug. 
{From Distant.) 




Fig. 123. 
Red Cotton Bng. 

{Magnified.) 
{From Distant.) 


Fig. 124. 
Bug mistaken for 
Red Cotton Bug. 
{From Distant.) 


There are white transverse lines on the lower surface of the body and a 
tiny white ring behind the head ; the long sucking beak lies between the 
legs. The insect is not likely to be confused if carefully examined, but 
there are other bugs which have a generally similar appearance, though 
distinct markings. 

Life Bi story , — The eggs are laid in a loose mass under the surface 
of the soil, usually in a crack or depression, which the female covers with 
earth after depositing the eggs. Each egg is round, of a light yellow 
colour ‘j between fifty and sixty are laid by each female. In less than 
a week the eggs hatch to small active red insects; wings are not 
present, the upper surface of the abdomen being red, with a central row 
of black spots and a row of white ones on each side. In other respects 
the young insect is similar to the full grown winged insect. 

The young moult periodically and grow larger. After the third 
moult the wings commence to appear as small back lobes on the base of 
the abdomen. These grow larger at each moult ; there are, as a rule, five 
moults in all, the insect appearing with perfect wings after the fifth. 

The male is slightly smaller than the female ; these couple and the 
females may then be recognised by the swollen abdomen. 

The red cotton bug also attacks the bhindi plant {Eihisem esculent 
tw) and the silk cotton tree; enormous numbers are found when the 
latter is fruiting in April and it breeds extensively at this time. On 
cotton it feeds on the leaves or stems, but especially on the seeds in the 
green or ripe boU. It may be found clustered on the bolls, the beak 
firmly fixed, sucking out the juice, Where either cotton or bhindi arc 
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ilie iiipoet vory nbnmlant, inemisiiio^ rapidly in warm 

weather. This insect has 
also been reported as 
attacking' the flowtn’s oF 

at tlie Saharan- 
pore Botanical Gardens. 

Thert: are no definite 
broods, insects of all ages 
licing found together, 
lloproduction ceases if 
food is not abundant, 
llie mature insects alone 
being found. This may 
also occur in the cold 
weather, tlioiigli it is 
not invariable, and in 
Western India all stages 
may be found in the 
cold weather. 

If the inseet becomes abundant, it weakcuis the plant ami also 
destroys the seeds. This is the principal damage it ca.usi‘s to <!Otton, one 
that is not attributed to the right cause in most (*ases, as tluwe may be 
nothing to show what injured the s<‘cds when they are |md<ed. The 
sucked out seeds are useless for cither sowing <u* for oil extraction, and 
there may he a very considerable loss from this <*ause. If the ladl is 
open and tlie insects congregate among tbe lint to reach tln^ seeds, the 
lint may be stained by the excreta, and tins form of damage is more 
readily detected. 

Bemedie ^. — Many methods of dealing with this insect liavt* betui 
suggested, most of them impracticable. The inse<‘t being large and 
vigorous, insecticides require to be very strong in order to kill it, and 
this damages the cotton in some cases. A. simple method of destroying 
it in large quantities is to collect the insects hy hand. 3Sach cooly has 
a small grain winnow (soop) and a kerosene tin with a small quantity 
of kerosene. The insects are shaken off the plant with a smart tap into 
the winnow ; the winnow is then jerked and the insects fall into the 
longer upturned portion, from which they are thrown into the kerosene 
tin. The method is extremely simple and readily understood. Very few 
insects escape from the grain winnow, and once in the tin their death is 
certain. The pest is so readily checked by this means that it need never 
increase excessively. Where seed for planting is obtained from 
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infested vitli this bug*, the seed should be pickled in a mixture of 
cow-dung, clay and water, and then thrown into water, when the sound 
seed sinks, the worthless seed floating (see page J187). The red bugs are 
infested with the maggots of a large TaeJdnicl fly, which slowly destroy 
their host and thus form a check on the increase of the bug. 

The insect is common throughout the plains, in the jungle and in the 
fields. It hibernates in many parts of India where the temperature falls 
considerably, and is found in hiding as an imago during the cold weather, 
Where the climate is suitable it is active throughout the year. 


The Dusky Cotton 

This insect is well known as a pest to cotton in many parts of India. 
Thougli small and insignificant in appearance, its 
presence in great numbers in the open bolls of cotton 
has brought it into notice. It has been reported as 
sucking green bolls and injuring the lint and seed. 

The insect is found upon the cotton plant, especially 
in the bolls that open prematurely after they have 
been eaten by the boll-worm. Large numbers of small 
brown insects run out of such bolls when they are 
handled and either fall to the ground or, if they are 
fuU grown, fly away.^ ^ 

The life history in the cotton boll is very simple. Dushy CoUon Mg, 
The eggs are laid in the lint close to the seed ; each 
egg IS cigar-shaped, about one mm. long (^^tli inch), 
of a bright yellow colour, when first laid. They are laid in batches of 
6 to 10 at a time, and egg-laying extends over some weeks. Before 
hatching the egg turns a bright orange and the emerging insect is the 
same colour. The newly-hatched insect is about Y^-g-th inch long, with 
three pairs of legs, the usual four-jointed antennae and an enormous 
proboscis wbich stretches from the head to beyond the end of the tail. 
With this it is able to pierce the cotton and extract food from within 
the seed. During the nest week it grows larger, shedding its skin at 
short intervals to allow of expansion. The colour gradually alters to a 
deep reddish brown, darkening at each moult. At tbe fourth moult 
the wings appear as small growths on the upper side of the body. At 
tbe fifth moult the wings are large but not fully developed, appearing 
in their fuU size after the sixth moult when the insect is mature. The 
perfect insect is nearly black, one-sisth of an inch in length, with the 
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iranspjimit folded ovtT tlio buek. The [(‘ranhj 1^; sli^’lifly 

than the male Imt otherwise outwardly similar. 

The whole period from the e«*i^‘ to the peidVel inseei’s euun'^viiee i.< 
fwtdvedays. The mature iiuse<*ts lay eo' and then die. They may 
livt^ for many weeks before^ they lay e^‘<^T ami if fond fer their }<iuni 4 * is 
not available they wait. Probably they pass tlie dn* wt*ather in tht‘ 
adult condition if no food is asmljihle for tliem, as tluy may be fmind m 
the plants of cotton, etc., at dii^eretit times ef the year. In the eoltoii 
season their increase is rapid, the eo’<^s heinj** laid in the ettltoTi bolls. 
At other times they will lay ei^*,fi,'s in the pods the hhimh ( ///'l/mv/.v 
and possibly of other malvaceous plants, (H- wait until 
becomes possible. 

The amount of destruction caused by tlnse insects varies with <‘ir- 
eiimstances. TVhere there is abundance of worm-eaten Indls, the inseets 
live in these bolls, which open early. Tiny are then (‘redited with tin* 
damag’C done by the holl-worm, as they are the only iimeet hnaul when 
the boll is pi(;ked. The actual destruction to the crop in this ease is 
small Where there are no bolls attacked by wmuu, they atta<*k the 
bolls as they open and are responsible for danut<[>‘C. The sinnls are suela»t!, 
the lint is dirtied, and they increase very rapidly in sm*h IhvHs. 

The simplest method of treaHn‘>‘ them is to shake them off the bolls 
into a vessel containing' water and a small (paint ity «d‘ k(‘ros(‘iH*, The 
early ripening bolls contain tlmm in great numbers, and by shaking tln‘S(» 
bolls over a tin pot of kerosene, and watm* they will In^ killed in largi* 
numbers. Worm-eaten Ixdls, with the insects insidi*, may ht* pithti! of 
and remoA’exl in a bag. There would he a far smaller number of the inse^d; 
in cotton fields were this done, and the metlnxi (d! tt^sting cotton seiHl 
(page SB7) should be applied to seed from infested fields. This method of 
picking of and shaldng the bolls may b(^ tedious and long, but it is the 
only practicable method as a rule* On farms the work (ran 1)e better done 
with a spraying machine. It is extremely iinyiortant to cheek the pst at 
the outset when it is breeding in the first 0 ])eiied bolls, and very much 
better cotton will be obtained when the cultivator takes an interest in his 
cotton pests and attempts to check them. What is said about i esting cotton 
seed infested with Bed Bug applies also to seed sucked by the Dusky Bug. 

The pest is generally distributed in the plains, though rarely abundant. 

The Cotton Leaf Hopper.^ 

Among the common insect pests of cotton, the least noticeable is 
a tiny green fly, which lives on the cotton leaves and flies or leaps out 
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when the plant is shaken. It is distinct from the cotton aphis since it is 
very active; both leaping and flying ; when it is plentiful; great numbers 
leap from the cotton plants when they are shaken or disturbed; and 
this is the simplest way in which to detect the pest. The insect belongs 
to the family Jamdc^i leaf hopperS; of which great num- 
bers live in grass or almost any vegetation; they are so 
small as to escape notice. The eggs are laid in the tissues 
of the plant; and the young' that hatch are similar to the 
full grown insect but wingless and smaller. The food 
consists of the sap of the leaves; which is extracted by 
m€^ns of the slender sucking apparatus which forms the 
mouth. The species attacking cotton may be found at 
all times of the year both in grass and in cotton. Healthy 
vigorous cotton is less attacked than weak unhealthy cotton ; 
fewer insects are to be found on vigorous cotton plants 
and the leaf hoppers prefer to live on unhealthy plants. As Copper. 
a pest; the insect has been found only on cotton growing 
under unsuitable conditions. In 1904; there were plots of healthy cotton 
and of cotton that had su:ffiered from the drought; growing side by side in 
one of the Government experimental farms. Few insects could be found 
in the former; whilst the latter contained enormous numbers. This was 
observed also in Behai’; where cotton was being tried and sufered heavily 
from the excess of moisture. The absolutely backward cotton was 
infested; the vigorous cotton was ]3ractically free. As a pest then it will 
be found attacking weak cotton; the result of the attack is that the 
leaves curl^ become discoloured; wither and fall of, 

The pest is apt to kill cotton that is struggling against bad conditions. 
It appears to attack the larger leaved tree cottons and American varieties 
more than the smaller leaved Broach-Deshi and Goghari cottonS; but ’will 
attack every variety if the plants are in bad condition. Evidently this 
insect cannot rank as a general pest since it will not attack healthy 
cotton. It is a serious pest in the experimental farms where introduced 
varieties are being acclimatised ; it has also been a pest to many varieties 
of the American and Egyptian cotton grown in Behar during the wet 
months. It has been successfully checked by spraying with crude oil 
emulsion; at the rate of 1 in 50 of water. An acre of badly infested 
Goghari cotton treated with a Success Knapsack machine requires 100 
gallons of wash; costing Es. 3-8; and one day for application. A large 
amount of wash must be used since it is desired to spray the insects as 
they come out of the plants in a cloud, and not to spray the plant alone. 
This is a simple and ef eetive remedy ; no* other appears likely to be so 
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sueeessfiil. ’Where it is necessary to lielp a siruj^’g'ling’ crop thrnu^i;*ti a 
ba,d season, spraying o£ this kind will be a necessity. When the [>la!its 
become stronger, they Avill not show the disease, and will not be impuirt'd 
by it. 

This insect is known from Gnjarat, Nagpur, Cawnpore, fjjallpur and 
Behar at the present time. It will proba]>ly be found w!n*revcr cthtmi is 
grown in India, 

Cotton Aphis. 

B mall sucking insects foimd in akmdanee on the shoots and 
of the cotton plant; they are about onc-iAventietli of an inch 
coloured in dull yelloAT or black, and have two short procu-sscs proj( 
from the upper surface of the abdomen. This pest is one of the 
plant-lice discussed in a later section and has a similar life history. The 
colonies found on cotton consist of female insects, winch produce living 
young. There is no mctamorpliosis ; the young are born alive and are 
all females. After a few days they in turn cm mmuau'C to prodtice living 
yoimg ones. Two kinds of females may he seen, un winged yellowish 
ones and winged black ones. The lattcT fly from plant to plant aiul 



FW. 128. 

IVinged fmah^ {Mapiifisd i&n Hum,) 

Spread the pest oTcr the field. As a rule tlm young and the unwingid 
females move but little, feeding in compact colonies on tlie underside of 
the leaves or on the shoots ; they extract the sap frem the plant, making 
it weak and sickly. The insect appears in the rains and, if cotton plants 
are available, remains on them until the weather becomes very dry, often 
until the end of the cold w^eather* In cloudy Weather the winged ones fly 
far over the field and found neW colonies# Hence it is that after the 

l6 
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cloudy -w^eatlicr; aphis becomes more ahiuidaiit and suddenly appears over 
large areas. 

Plant-lice excrete a sugary 
liqnidj which, falling on the 
leaves below, dries to a sticky 
coating. This appearance on 
the leaves is a sign of the pest 
and is familiar to cultivators. 

Many insects attack the 
cotton aphis and are very im- 
portant checks upon it; these 
are described in a later section 
under beneficial insects. These 
insects should he familiar to all 
who grow cotton and should not 
be destroyed in error as injuri- 
ous insects. 

The treatment for cotton 
aphis lies in spraying with a 
contact poison, doing this when 
the first colonies appear on the 
cotton and not delaying until 
with cloudy weather they spread 
over the whole field. If culti- 
vators were familiar with aphis 
and cheeked it as soon as they 
first saw it; it would never 
become so serious a pest. 

Without this, large areas may in cloudy weather become aficeted, and 
though the post is principally one on farms and experimental cultivation, 
it is also an important field pest. 

Minor Pests. 

There are a number of insects which attack cotton casually, doing as 
ft rule no harm but possibly injurious in unusual seasons. The White 
'Weevil Ms a small beetle^ of a dull wliitc colour, found upon the leaves of 
all varieties of the cotton plant almost tlrroughout the year. It bites the 
leaves of the plant, eating in from the edge. It is most conspicuous from 

^ Myllocems maculosiis. Des L. (^Curculioaida*.) 



Fig. 129. 

Coiioii Aph's, winged female, 
{Magnified fifteen times.) 
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July to October; but luis been bmiid at all tiiiicH. Tlu‘ liiV lusturv w 
completely unknown and is api)areutly not ])assi‘d in tin* cot tun plant. 
Special treatment is not reipiired 
for tins pest; wliieli is easily de- 
stroyed by sbaking* it off tlie 
plant ; it lias a habit of falling to 
the ground when disturbed and 
‘^shamming dead."^ The Green 
'VYeeviP is also a pest of cotton, 
eating the leaves in the same 
manner. This insect is largm* 
than the "White Weevil, of a 
dark colour but clothed in 
metallic green scales, which give 
it a peculiarly brilliant appear- 
aiiee. It. is common in "Ikiiar 
and, like the White Weevil, is 
found also on lihindi, make and 
other crops. The Cotton Cater- 
pillar ^ is a green caterpillar, 
which is found on the cotton leaf j 
it walks after the fashion of the 
true looper caterpillars, lumching 
up its body at every step, but is actually a semi-luoper with three 
pairs of sucker-feet on the abdomen. The eaterplllar is marked with 
fme white lines and grows to a length of one inch and a (piartijr* It eats 
the leaf, making large holes, and finally pupates l)y timung uviT the 
edge and folding it down. The moth emerges after eight da}'s. This 
pest is not common, is found only during the rains, and feeds also on hhindi 
and other plants. 

Another scmi-looper found on cotton has but two pails of sucker*^ 
feet on the abdomen and a swelling on the upper surface of the body on 
the first abdominal segments and the tail It feeds on iiie cotton leaf 
and eventually comes out as a white moth 3 with dark markings. Like 
the last this is not usually injurious hut is likely to be mistaken for a 
serious pest. 

Hairy caterpillars which at times ravage large areas of crops also 
attack cotton and ma}* do much harm. In Behar, the common liairj* 

^ 188 . Ast^ens laferalk, F. (Cuiei>lionMaf.} 

2 115, C&mno^Mla erma. Huto. (Hoctuicti 

® 152. Tarewhe catena. Sow. (HoctuHa.) 
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caterpillar ^ is found in a.bundance on cotton tbrougdiout tlie rains if other 
crops fail it^ and this applies also to the Hairy Caterpillar of Gujarat.® 

The very common Bed Leaf Beetle ® is found on cotton but does no 
harm. The Cotton Mealy Bug is a peculiar species which is found on the 
top of tlie shoot j the shoot swells and twists^ forming’ a hard gall-like 
mass and stunting the growth of the plant. Only some varieties of 
indigenous cottons are afected and the pest is not widely spread. It 
requires to he destroyed by picking the twisted shoots, or by spraying, as 
it interferes with the normal growth of the plant. 

The large spotted grasshopper ^ is one of the few grasshoppers that 
is commonly found feeding on this plant. Germinating cotton su:ffers 
from the ground grasshoppers and weevils which attack germinating 
seeds as they push leaves above the ground (see page 2^0). The ryot sows 
his cotton so thickly that no damage is done as a rule, but tree cottons 
and other cottons sown far apart will he eaten if the field is very clean. 
It is advisable to sow some such crop as maize between the cotton or to 
leave the final weeding till the cotton has formed two leaves, as the insect 
then has other food and spares the cotton. 

1 1S6. Diaorida ohliqua,. Wlk. ( Arctlidsc.) 

2 220. Amsacta laetinea. Cr. (ArcfciideB.) 

3 Aulaeo'pfiora foveicollis. Kiibfc. (Chrysoiuelida?.) 

^ 4i9. Aoridnm (&ruginosum. Burm. (Aeridiidas.) 



CHAPTER IX. 

PESTS OF RICE AND WHEAT. 

T he area occupied by these crops is so larg’e that it has not been possible 
to study adequately their pests in detail. The four chief insects 
that attach rice and one that attacks wheat are described. Ihu're are 
in addition many insects which appear occasionally, espe<*ijdly those 
caterpillars which attack rice. In general these are not forniidahle nor 
sufficiently abundant to make any impre.ssion on the very lari»H‘ area of 
this crop. The method recommended for dealing with the Ib(H‘ (rrassluqe 
per should in many cases give good results against these Hiee ( Inter pillars. 

Wheat appears to sutfer from few pests; the stein-]>orer is a spetuh 
pest of wheat, cane, etc. The wheat aphis is a serious pt*st (h‘alt‘’ witli 
under the heading “Green Ely and Plant Liee^^ (pi^gc :h‘57). Young 
wheat suffers from ground insects as do other young ral)i crops. ^lan}' 
pests of wheat probably remain to he discovered and any extension of the 
area under this crop to fresh districts will probably produce new pests. 

The Rice Hispa 

A small blue-black beetle, covered with spines, whielj fetnis np.ui 
the leaves of rice; an infested field 
becomes yellow, the leaves dying and 
the plants withering. This pest is 
a familiar one to cultivators of 
Bengal and Assam, Icnown by many 
vernacular names. The small dattenod 
beetle is easy to recognise and the 
peculiar effects of the attack are fairly 
characteristic. 

Life liidoff * — ^^The eggs are laid 
singly, each egg being inserted in 
the tissue of the leaf, almost exposed 
and easily visible. The egg is oval, 
about one-thirtieth of an inch long, 
and when in the leaf is detected by the 
white spot and the bulge in the slit 
epidermis. It is laid in the upper part 
of the not far from the point The 

^ 41. IlUpa mmseem* Baly, 
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egg liatchee to a small, flattened g*rab, i^itli three pairs of legs, T^'hicli liyes 
inside the leaf between the upper and lower epidermis. The grub is white or 
yellow with black markings, very flattened, the first three segments broader 
than the abdomen. It feeds on the tissue inside the leaf, eating it away 
and producing a large yellow spot. The grub is found by searching for 
such yellow spots, and the insect may be seen inside if a spotted leaf is 
held up to the light. The grub when full grown transforms to the pupa 
inside the leaf and emerges as the beetle. The whole life history is passed 
within the leaf until the mature beetle comes out to fly about. It feeds 
upon the leaf, eating away the epidermis and causing further destruction, 

The insect principally attacks the young plants, feeding and laying 
eggs upon the tender green leaves of the seedling or of the newly trans^ 
planted rice. It is injurious to rice in the seed-bed and shortly after 
transplanting, the older rice being less attacked and not injured. 

Wild grasses are the normal food-plants and the beetle flies from the 
waste lands or jungle to attack the early rice. In some parts of Bengal 
it is reported to come in enormous numbers, blackening the fields on 
which it settles and causing a wholesale destruction of the crop. Like the 
rice-bug it is dependent upon moist conditions and attacks rice that is 
submerged in preference to rice on higher land from which the water has 
been run ofi ; this is the only remedy applied by cultivators, who, when 
possible, let the water out in the hope that the insect will leave their fields. 

The insect spends the winter as a beetle in waste lands and grass- 
lands. The season at which it appears depends upon the sowing of rice 
and the climate, but lies between April and November. 

Preventive measures for this pest must be based upon local 
conditions ; where the pest is known to come from a particular place, it 
may be possible to destroy it there, as, for instance, in the wild grasses 
in which it lives before the rice is sown, or the sowing and transplanting 
of rice may be varied to prevent the pest attacldng it. In seed-beds the 
beetle can be destroyed, and if the seed-bed is watched when the beetle 
is likely to attack it, egg-laying can be prevented. When the beetles 
come in great number the ordinary hag is sufficient to sweep them up 
with, and the cultivator is q^uite capable of using his dhoti or other 
cloth for the purpose. Any concerted action designed to prevent egg- 
laying and worry the insect is what is required, and what is, in India, 
so difficult. When once egg-laying has been performed nothing can he 
done but to wait for the emerging beetles and destroy them. The use of 
arsenical insecticides is valuable as a poison for the beetle, but is ineffective 
against the egg or larva. There is probably little scope for the use of 
lead arseniate^ since it ydll not stand rain and washes off. There is also 
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little scope for tlie use of smoke. Smoke is udvisahlf* ns a means of 
ekecking tlie insects when Ihej firj^t come as it tlrives out of llie 
field j it has no further effect, kills iinfhini^aiid is only a itmiporary d(‘vi(t<‘ 
to frighten away the incoming beetles. No spiH'iin' rt'iuedy can be 
recommended against this pest; the life history is so sai‘eguardt‘d that 
there is no obvious point of attack, and reliance must be jhieecl upini 
preventive measures based solely on local conditions and aimed at 
destroying the insect in its breeding gnmnds, securing an tairlim* or latm* 
growth of rice to cireumvtml the beetli*, or niakiiig tht‘ (nrulitions 
unsuitable to the existence of the insect. The only anailabb* direct 
remedy is to destroy the beetles with bags, sysfematicaliy Win’king 
through the fields and swi‘eping them clean ; this innsl he done prmnptly 
as soon as the beetles eomi‘, and must be tlmrougb. 

It kisbeen found that certain softer4eavcd vnrit'iies of ih*»‘ arc more 
attacked than rough hard-leaved varictit's growing side by side, and in 
these eases the ryot has a remedy to liaiid. The higlu'r priced soft variidy 
is grown at a risk, when the rough variet y might afford an almost (‘i‘r!ain 
full yield. 

The Rice Bug.^ 

A slender green insect, ibimd flying in tlie riet^fudds, wliicli siutks 

the stip of tlie devidoping ears 
and causes t hem to turn white. 
The insect has an uronnitie 
odour, suggesting geraniums, 
and may be found in ritfc-fttdds 
when the graiii forms. I1te 
characteristic sym|itoin of the* 
|)csi is the whitening ears, a 
whole field often turning 
colour in this way* 

The insetft is a typical 
bug, with no metamorphosis. 
The eggs are laid in t he jungde, 
as also in the rice crop coming 
into ear. Each egg is oval, 
somewhat flattened, nearly 
black and very seed-like. They 
are laid se|mrately, in ekslere 
The Rice Bug, {Magnified twice.) of foUT tO ten, OH the l»¥es. 
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They are quite easily seen, the eggs 
green leaf. When ready, the egg oj 
part of one end of the outer shell 
The little bugs are most quaint 
insects, all legs and feelers, with a 
slender green body. The antennae 
are banded in black, white and 
brown, the legs black, all extremely 
long in comparison with the tiny 
green body. The proboscis is 
very long, reaching beyond the 
insertion of the hind legs. 

At each moult the insect grows 
larger, the body remaining green. 
Wings are formed gradually. 
When full grown the insect is about 
two-thirds of an inch long, the 
wings folded over the abdomen, the 
body green with a tinge of straw 
colour, the antennae parti-coloured. 

It flies actively and may be readily 
made to fly out of the field. 


forming' a conspicuous object on the 
lens, the delicate inner membrane and 
coming off aud liberating the bug. 



. 133 . 

of the Rice JBu^. {Maffuifiei twice.) 


This bug feeds upon ripening seeds; it will attack rice, small 
millets, grasses and other plants as the seeds form and fill with milky 
juice. Sama {Fanicum ,/mmentacetim) is a favourite food, aud the bug^s 


normal food is the wild grasses in the jungle and waste lands. Though 


common in cultivation during the rains, it breeds only when a crop is 
ripening and food is plentiful. Then the eggs are laid on the leaves of 
the plant and the young find abundance of food. 

Cultivators know the pest, which has many vernacular names, but 
do nothing to check it. It is prevalent in Burma, Assam, Bengal, the 
United Provinces and Madras, practically throughout the rice districts of 
India. In other parts of India it is to be found where the conditions 


are suitable ; it extends to Ceylon, the Malay Peninsula, Malayan Archi* 
pelago and China, As the winged form is fairly active, it can be driven 
from the rice-fields with httle efiort. The unwinged young when dis- 
turbed simply fall to the ground or to the surface of the water, whence 
they climb upon the plants again. There is no easy means of checking 
it, hut if sufficient trouble is taken and a large area treated, the insect can 
be destroyed. The simplest method is to draw a bag through the rice> 
simply running it over the plants. Two coolies can easily manage a bag 
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eight feet wide iind three feet deep with the opening tliii'e 1 \h 4 higln 
Two bamboos kee[» open the sides of the mouth and tho hag ean be 
drawn tight and rapidly rim over the riee, brusliiiig through the upper 
half of the plant. The winged and unwinged are caught if the hag is at 
once twisted up at the close of each run and a very large area can !m‘ 
rapidly swept. The method is useless without- co-operation, as a 
area must be swept clean or the bugs wimder in again. 

When the Hying bugs tirsi come in, tho more tlragging of 
through the crop drives them out again, and a little systematic wo 
of this kind sends them back to the jungle. A remedy for this pi?st usc.il 
in South India- and Ceylon is to smear a- paddy winnow with sticky 
fruit juice, fix it to a pole and wave it 
in the iields. 'riie insects stick to tin* 



winnow if struck. 

A common haiul net is mort‘ ctficacicus 
and just as easily made, and in actual 
practice the hag is better still This 
method however appeals to cultivators and, 


if vigorously carried out, does destroy and 
drive away the pest. 


^ ' In Bengal the rice- fields are Coiiiid to 

contain numbers of very active Idue 
Fig. 134. beetles, marked with six white spots, 

tr «P°» See bug. This ie tbe 
Six-spotted Tiger Beetle,^ a- very valuable 
predaceous beetle which gathers in bug-infested ricc-fwlds and keeps i.lu‘ 
bugs in cheek. Another cheek is a small parasite found in the oggs. 


The Rice Stem FlyA 

The hrst symptom of this pest is the withering of the upper half of the 
but, the main stalk bending over from a point some distance above the 
ground. The upper part withers and the main stem dies, I! such a 
stalk is split up the middle, the maggot or pupa of the insect will bf: 
found. 

Very little is known of the occurrence of this insect in India, as it 
has been reported very seldom. The maggots are found in the shoots 
of rice ; they feed on the sap and produce a deformity and weakening of 
the stem. The stem eventually falls over at the weak point. The 
maggot transforms to the pupa inside the stem, the pupa being a 

^ 187. Cicindeh h. (CiciadelicliB,) j * 44, (MuMsii 
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small brown object like a flax seed. No specimens ba,ve yet been 
reared in India under observation and tbe details o£ tbe life history are 
not known. 

The insect has been found or reported from a few scattered local- 
ities in the plains of India and is probably far more widely spread^ gen- 
erally escaping notice. It is attacked by a hymenopterous parasite. 

Eice is not the only food-plant, ^ama being an alternative one. 

No general methods of treatment are available against such a pest; 
and preventive measures based upon local conditions can alone be 
effective. Some good would be done if all affected plants were destroyed^ 
but no remedial measures can check such an insect. It will be necessary 
to devise measures based on supplying the insect with a trap food-plant; 
such as sowing an early trap crop or destroying it in a particular plant oi? 
crop at one special period of the year. It may be possible to find 
immune varieties of rice, or to make such changes in the agricultural 
practice of affected districts as will baffle the pest, as, for instance; sowing 
earlier or later. It is not likely that any good will be done without care^ 
ful study and some experiment, and what is found useful in oUe locality 
will not be likely to suit another. 

Wood-Mason has recorded an insect^ allied to the Hessian Fly 
which attacks rice in a somewhat similar manner. This is a distinct 
pest, of which practically nothing is yet known, Either insect is likely 
to be found in rice. 


The Rice Grasshopper.^ 

Among the most familiar rice pests is a large grasshopper, green of 
dry grass colour, which lives in the rice-fields, becoming mature about 



Fm. 135. 

The Mice Q-rasshoffer. Hormalform^ 


yia oryzce, W, M. (Cecidomyiidae.) 

2 47. EieroglyfMsfurcifer, Serv. (Acridiidae.) 
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: or September. It is easily remo-uised from tlu* fi,i'’urej tin- siiurl 
wiugSj the imiCorm eolour and ibe indented hladv marks mi thc‘ lintrax 
heiiig distinctive. 

The life liistory is ]){issed in the riee-fields and niH-upies sevmdemi 
weeks. The eg’gs are found embedded in the soil, in flu* fu-lds or 
embankments; each egg mass is a liard eylindrieid body, niumi Inili’aii 
inch long’ with one end roundedj tlu? other lia.t ; the egg.'' iu^iile are 
densely packed in a hard i-ement, ] 

and the outside erust consist, s of 1 

cement and earth. These eggs 
hatch after the first lieav}' ruins 
and the small aeti\'e insects emerge ; 
they are at first dark coloured, Vi iih ^ 
a gTeeii dorsal stripe, but lat<*r H i 
})eeome greeiu The little insects are B J 
very active and feed on the growing ® if 

rice. They xindergo the usual five B I 

moults and become full grown in ™ j 

eight to to weeks. The imago is ^^^5 Fm. ia7. 

found in two forms (figs, loo and /o^,/ Mim i,r Hit 

one with the long wings, the 0,'asdfitj>i humkupjnv n* 4 
other Avith short impcrieet wings. 

As the insect never flies, Avings are apparently useless. After inaiing Uie 
eggs are laid in the soil ; this takes place in late Sepf'cmlicr iU* early 
October, as a rule, but the dates vary according to the rains and tht* 
and reaping oi the riee crop. This grasshopper is found in gras 
in damp waste lands, in rice-lands and, more rarely, in sugarcmie fields. 
It is also a pest of eanc, and in irrigated cane-lands there may Int an 
early brood o£ the pest, the eggs hatching wlien the land is irrigated in 

March or April Ills 

L . injurious principally 

young riee crop or by 
eating rile soft grains 

isjr 1: dealing with this pest 

worked out by 

___i Mr. S. Stockman and 

FxG.isa applied in 

fAs Mies Q-rmshop^er, mmU mi^edform, the Central . 
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and Belgaum. It consists in dragging a net throngli the rice to 
svreep up the insects ; the net is 36 feet by 7 feet, weighted at one 
side, with ropes on the bottom to drag it by, and a bamboo to hold 
up the top. ISTine men drag it throagh the field, the lower edge 
below water sweeping up grasshoppers, caterpillars, and other insects. 
The method was successfully adopted in Belgaum and, where the 
cultivators work together, large areas of rice-lands can be effectually 
cleared of the pest. 

Attempts to destroy the eggs during the cold weather have failed, 
owing to the difiiculty of finding the egg masses, which are buried to a 
depth of two inches in the soil. 

The Eice Grasshopper is common throughout the plains of Bengal, 
the Central Provinces, parts of the Bombay Presidency and Mysore. 

Minor Pests. 

A number of insects feed upon the rice-plant and it is uncertain 
which of these can rank as pests. Caterpillars are particularly common 
and a number have already been reared from rice but only rarely found 
to he injuriously numerous. An important local jpest is beddi”^ 
insect of Bhandara and Kanara, which is closely allied to the aquatic 
caterpillar ® of Burma. The work of these is apparently identical ; both 
eat the leaves and live in a case formed of a leaf-blade twisted over and 
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BiAiterfly of large Rice Caterpillar. 


* 38. flympMla depv,nctaUs. Guen. (Pyralidse.) 
^ Wymphulafluctuosalis* Zell, (Pyralidse.) 
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made fast witli silk, llie caterpillar is a smi-aquai k* one, provkkl witli 
klls for obtaining' air from water. If the wait*!* is let uuf uf the fields, 
the insect is less destrnetive, and remains by day on the wet soil It 
pupates ill its leaf-ease and the moths are tound in hir^'e luiniljers iii the 
aifeeted fieldsd 

Another and larg'er eaterjnllar that folds over the leaf is tlu‘g’reeii 
('aterpillar of a butlerliy.^ A larg'e ,< 4 Teen eaterpillaj, distijijLfuished !)\ 
haA’iip£>* two largv processes on the head, is the cattTpillar oi the Imttertly ' 
reproduced (i^* This t-aterpillar elino-s iio-htlv to the leaf and 

protected by its (Ty]dic colouring'. The larva of a small black and 
yellow motlr^ twists the leaf-bhuh’ into a shelter and feeds within. 
Other caterpillars live openly <»n the rice leaves, and it is not untisnal to 
tind that swarming' caterpillars will ditstroy laro-e areas itf this crop (see 
pag*e 1S7). One species^’ in particular a])pears in vast nnnilH'rs on the 
plants, strips the leaves to tlie mid-rib and spretuls rapidly from fiek! to 
held. Against these pests, the bag (page It) is often useful. Braiiclies 
of trees placed in the tields encourage insetftivorous birds which <‘an 
perch there in the intervals of making a meal on these pests. 

Blister beetles attack rice when in tkm-er (page ihH»| and several 
cockchafers have the habit of destroying the soft grain liefore it is np<* 
(pjige EOO). 


The Wheat Stem Borer. 

It is not uncommon to lind the stems of wheat wit inning prema- 
turely, the plants becoming yellow and dying. Such plants eontain 
borers, which will be found by splitting xip the stems. The eggs from 
which these borers hatch arc laid in clusters on the lower leaves near the 
stem ; they are the usual small white rounded eggs, in compact (dusters 
of twenty to thirty. The caterpillars bore into the stimi of the wheat 
plant, feeding in the centre of the stem. The plant dies, withering up, 
and new shoots are formed at the base. The full grown caterpillar is 
about one inch long, smooth, with a brown head and a rather pinkish 
body I it is not the dull white of most bonn-s, but tinged with pink and 
thus easily recognised. The chrysalis is found in the wheat stem. The 
moth is the colour of dry grass, similar in appearance to many other 
moths which live in grasses. 

^ Eeport of Eatiram Khamparia, Entosnologicat liBiatait, Cewiml 

* 30, Chapra mat Mas, Eabr. (Hesporiidfe.) 

* 286. MelaniHs ismem, Omni. (Nymphalida.) 

* 48. Cnapkaiocrocis medinalis, <3uen. (Pyralida}.) 

* 286. Spodopiera maurUia. Boisd, (Noctoidae.) 

* 91, Mma^Ha un^ormu^ Bdga, (ISfocfctiid 
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This species has been found during* tbe cold weatlier in wheat and 

during the hot weather and 
rains in sorghum^ rice and 
cane. It is a common cane 
pest in Behar^ and an 
important wheat pest in 
Gujarat and Nagpur. 
There is a considerable 
amount of confusion as to the identity of the various wheat and rice 
])orers reported in India in the past^ but this species is probably the most 
important and will be found to be widespread. 

There is no remedy for it beyond the few coinmonseiise precautions 

which are suggested by the habits 
of the pest. When first found in a 
wheat crop, the crop should be 
periodically examined, and all 
withered plants at once destroyed. 
The pest is first found in the most 
advanced wheat in the districts 
where it multiplies^ seriously injur- 
ing the later wheat. If the first 
brood is destroyed, no appreciable 
harm will result. It is unlikely 
that cultivators will ever find the 
eggs and destroy them, though this is 
quite feasible. 

The increase of the pest is much 
assisted in sorghum-growing localities 
by the practice of leaving the 
sorghum stumps in the ground after 
harvest. With a few showers in Tebru- 
ary, the stumps grow new shoots in 
which the caterpillars of this pest are 
found after the wheat is reaped. This 
helps the insect through a very critical 
period. Where this insect attacks wheat 
on the experimental farm, spraying with 
lead arseniate must he resorted to if the 
Ml yield is required. It thrives on the 
plots of varieties of wheat, grown possibly 

^ . . 1 ” 1 Ti- Wheat stem Borer Moth. 

With irrigation under abnormal conditions {Mag%ifieA twice.) 
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The Wheat Stem Borer Moth. 
{Slighth magnified^ 
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Wheat Stem Borer twice.) 
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and possibly nof- even in n wheai-gnnviiig’ area ; as in all casCh of 
experimental eiiltiTaiion special renudies should be adopted, wlien this 
pest is prevalent, by spraying with lead arseiiiate to p<iisoii the. young 
insects as they hatch. 


Minor Wheat Pests. 

Tile most important minor pest of wheat is tin* u/////‘v (page :MJ), a 
green aphis which infests the leaves and ears. It is sl fairly geiieral pest 
found ill enonmms abimdanee on ripening wluait. li is tloublfnl how 
much harm aphis does; at its worst it so weakens ihi‘ plants and 
grain that only mlerior wheai is produanl Beyond spra\ing, ilmn is 
no remedy possible until further investigaiioii has diseoveivd, the liuhiis of 
Ibis pest throngbiiut the year. Spraying is pruetidd only oii expirinitmtal 
crops but is necessary there if the full results arc to he ohtained. Flea 
beetles (page 2hh) attack wheat, and germinal ing st‘ed destroyetl by 
ground grasshoppers and, surface weevils (]>age 220). 

Termites are also a somewhat serious pest in some lot^alilies ipage 22^ . 



CHAPTER X. 

PESTS OF CANE, MAIZE, AND SORGHUM. 

T FIESE plants are so closely related that the same insects in some 
cases attack all of them. When this is the ease^ treatment of the 
pest in one crop is insufficient, so that it is necessary to consider earefnlly 
in which crop and at what time of the year the insect can be most easily 
destroyed. This is especially important with the Moth-borer, which is 
the most serious insect enemy of all three plants. Cane is also attacked 
by the White-borer, the Cane-fly, the Cane Mealy Wing; the Maize-fly 
attacks sorghum also. 

Moth=borer in Sugarcane, Maize, and Sorghum. i 

The most abundant and serious pest to sugarcane, maize and 

sorghum is the cater- 
pillar known as the 
moth-borer. It is 
found in the cater- 
pillar form, a slender 
caterpillar, not more 
than one inch in 
length, of a dirty 
white colour, with 
dark spots and a black head. It is not possible from the caterpillar 
to be certain of the identity of the pest, as there are other caterpillars 
which closely resemble it in form and colour. The moth can be 
identified, but it also is similar to other moths with similar habits ; it is 
advisable, if caterpillars such as that described below, are found destroying 
these crops, to assume the insect to be the borer, until caterpillars or 
moths have been sent to an entomologist for accurate identification. 
Specimens are required from all parts of India to ascertain exactly 
where the borers occur and whether one or more species are thus 
found. 

Life History . — ^The female moth flies about the field after dusk and 
lays eggs on the leaves of the plants. The eggs are very fiat, oval in 
outline, ahont one twenty-fifth ot an inch across. They are laid in a 
cluster, one partly overlapping another, the number in the cluster varying 
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Moth-lorer. (Magnified, three times.) 


1 1, Chilo simplex. Bu^I. (Pyr3.1i4a3.) 
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from tliree or four to twenty or more. Tlie whole cluster forms a 
small patch on the leaf, usually about 
a third of an inch in length aud 
about one-twelfth of an inch across. 
When first laid, the eggs are creamy white, 
after which they turn 3^ellow and then 
orange before hatching. In about one 
week the caterpillar comes out and leaves 
the empty white egg-shell. It commences 
its life as a tiny active creature, about, 
one-tenth of an inch long, orange in colour, 
with many short dark spines and a black 
head. It feeds upon the leaves of the plani'. 
while it is young, and after a week or so 


the stem. If possible 
it spends the rest of 
its caterpillar life inside 
the plant. The cater- 
pillar grows larger, 
becoming a dirty white 
colour ; the head is 
black ^ there are many 

little dark spots on the body, each of whicli 
bears a small dark hair. The usual three pairs of 
legs and five pairs of sucker-feet may be seen with 
which the caterpillar walks actively if disturbed. 
Life in this form lasts for about four weeks, 
except in the cold weather when it may last some 
months. When the caterpillar has become full 
grown and is a little more than one inch long, it 
makes a hole to the outside of the plant, spins a, 
lining of thread inside the burrow near this open- 
ing and rests for two days. The skin is then 
thrown off and it turns into a chrysalis; this 
is three-quarters of an inch or less in length, 
brown, with no legs or mouth. The chrysalis 
lies in the burrow, unable to move except by 
wriggling, remaining thus for six to seven 
Iktcih •borer JPu^a, Then the skin splits open, aM the pioth 

comes out, 




Fig. 145. 

Moth-borer. {Magnified three times.) 






MOTH-BOKER. 1S7 

THs motb. is of a grey brown colour, with long legs, with two pairs 
o£ wings and bas two projecting palps in front of tbe bead wbicb look 
like a beak. Tbe upper wings have dark markings, whieb vary very 
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Moth. {Magnified.) 


much in different specimens; tbe lower wings are white or slightly 
grey : when resting, tbe wings are 
carried close to tbe body, tbe lower 
ones not visible. When tbe wings 
are spread, tbe insect measures 
from one to one and a quarter 
inches across ; the male is smaller 
than tbe female. It is impossible 
to describe tbe motb so exactly 
that it can be recognised as distinct 
from all other moths, but one 
point to look for are tbe palpi in 
front of tbe bead wbicb look like 
a beak ; if these are not seen, tbe 
motb is probably not that of GUlo 
smpleXj but one of tbe many 
other moths found on cane, maize, 
or sorghum. 

These moths mate and tbe male dies, tbe female living a day or two 
longer in order to lay eggs. In ordinary circumstances, when there 
is plenty of food and the weather is warm^ the whole life history 
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takes about six weeks, one week for tbe eg-gs, four weeks for the 
caterpillar, one week for the chrysalis, and a couple of days for the moth 
to lay eggs. 

In November the caterpillar often ceases feeding, and rests ; it does 
not change to the chrysalis, 
but simply lies in its bur- 
row hibernating. It may 
remain in this state until the 
end of May, when it turns 
into a chrysalis and comes Pm. 149. 

out as a moth in June. It Motli-lorer Caterfillm% in liihernating condition. 

T ill (Magnified three times.) 

may also come out and rest k n j 

as a moth before this time ; if there is irrigated cane or maize growing 
during the cold weather or dry weather, the moth may emerge as it does 
in the warm weather and never hibernate. This depends upon local 
circumstances, though the rule is that the caterpillar hibernates during 
the cold and dry weather, especially if it is in sorghum. 

The caterpillar is often very destructive to young cane. The withered 
leaves show that the caterpillar has killed the shoot (Meadheart ^] . 
During the first five months many young cane shoots are killed in this 
way, the plants thus becoming weak and sickly. When the cane becomes 
larger, the caterpillar attacks the stem, boring into the growing canes. 
If it can find other food, such as maize or sorghum, it will often leave the 

cane, but if only cane is 
grown it may continue to 
attack and damage the cane. 
In sorghum, the caterpillar 
attacks the young shoots just 
as it does in cane ; it also 
bores in the stems, being 
usually very abundant as 
the sorghum ripens. Where 
there are many caterpillars and each stem contains several, the crops may 
be seriously damaged. After the grain is harvested, the caterpillar 
remains in the dry stems and especially in the stumps, which are left in 
the field. 

In maize the caterpillar lives in all parts of the plant, except 
the roots. It bores in the stems, feeds upon the tassel and is 
particularly fond of the cob. Many young caterpillars are often 
found in the ripening maize, eating the grain so that the harm is 
yery apparent^ 
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Moth-horer Caterpillar^ in Tiihernaiing condition. 
(Magnified three times.) 
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Remedies . — There are several things which may he done to check the 
increase o£ the moth* borer, but they will only be fully effective if they are 
all done, so that the pest is checked all the year round. No remedy will 
entirely kill out the insect, and if it is checked only at one season it will 
increase again during the rest of the year. In every place where the 
moth-borer is found, it should be attacked in cane, maize and sorghum, if 
all these are grown. 

(1) Cut out all the young shoots of cane that are seen to wither. 
When the moth-borer attacks the shoots, the centre leaves wither and 
dry up ; if these shoots are cut out with a knife, low down just below the 
soil, they can be taken away with the caterpillar or chrysalis inside. 

This does no harm to the cane as the shoots would not live in any case 
and other young shoots will grow again just as well. These dead shoots 
should then be piled in a heap and burnt. They must not he left on the 
ground as the caterpillar will come out as a moth in due time and lay eggs 
in the field again. The object of cutting out the cane is to check the 
borer at the beginning. 

(2-) Sow maize or sorghum among the canes when the cane is planted. 
This will come np quickly and the moths may lay eggs in the maize or 
sorghum and the caterpillars will not attack the cane. The plants of maize 
or sorghum may then be removed with the borers in them, say in six 
weeks or two months after sowing. These plants must he removed from 
the field and if they have many insects must he destroyed. In any case 
the insects must not be allowed to come out as moths and breed. 

(3) Cut out all young sorghum or maize shoots that are attacked and 
burn them. This is just the same as the first remedy and has the same 
effect. It can only he done in the young plants because it is only then 
that the shoots which are attacked can he seen by the withered leaves. 
When the plants get bigger, the borer cannot be cut out, because that 
would kill the whole plant. 

(4) Destroy the stubble of the sorghum or maize plants after the 
crop is reaped. During the winter the caterpillars live in the stumps of 
the sorghum left standing in the field. From these caterpillars come the 
brood that attacks the crops after the winter. Great numbers can be 
destroyed in the stubble so that this is the most important remedy ; the 
moth-borer will probably be more thoroughly checked by this practice 
than by any other remedy. 

Rnemies . — As the caterpillar lives inside the plant few insects can 
attack it, so that many enemies that feed upon most caterpillars are power- 
less. Three insects are known which lay eggs in the body of the cater- 
pillaxs (figs. 151^ m) I these eggs hatch (juicMy to maggots which live 



130 


l^ESTS OF AND SORGHUM, 


ill the caterpillar and gradually devour it. The caterpillar dies; the 
maggots come out and themselves turn to flies which lay eggs in other 
caterpillars. Few o£ these insects are found as the caterpillar is seldom 
exposed to their attacks. 

A more important enemy is a very tiny % which lays its 
egg in the eggs of the moth ; the fly^s 
egg hatches first and the maggot eats up 
the eggs of the moth. Such eggs are 
black in colour, not white or yellow, and 
very many such oggs are found in 
the fields of young canes. This tiny fly 
is the most important check upon the 
moth-borer and prevents the destruction 
of many cane-fields every year. Another 
enemy, which is very seldom found, only 
attacks the borer when it is feeding upon 
some exposed part of the plant, such as 
the tassel of maize. This is a very 
active small black grub, which runs about 
feeding upon the caterpillars. It kills the caterpillars by sucking out 
their blood. 

The moth-borer is found in many parts of India, bub it is not certain 
that it occurs all over the continent. It is common in many places in 
the Bombay Presidency, Baroda, the Central Provinces, Bengal, the 
Punjab and the United Provinces, It will probably be found all over 
these Provinces and is likely to be the borer of cholam (sorghum) 
in Madras. 



Fm. 151. 

Fly whose Maggot lives in the 
Moih’horer Caterpillar, 
(Magnifies twice,) 


White Borer of Cane.^ 

Whilst the moth-borer is the common pest of cane, other boring 
caterpillars also attack it, some in the roots, others in the stalk. Of 
these the White Borer is the most prominent, found principally at the 
apex of cane, boring through the growing joint and down the upper 
joint. 

The moth lays eggs on the leaves of the cane, several eggs together 
in a cluster ; the eggs are cigar-shaped, fixed to the leaf, and the cluster 
is covered with buffi coloured hair taken from the tip of the moth^s 
abdomen. When the moth deposits eggs covered with a gummy 
secretion, the hairs from the end of the body are plastered over the eggs. 


^ 1§1. Seir^ophaga aurifim, Zell (Pyralidse.) 
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The cg’g cluster thus lias a very characteristic appoaranec and can bo 
readily found. 



Fig. 152. 

White Borer. Larm, Male and Female Pii^a. Pupa in the cane. 
Mothj male above , 


The larvae that hatch are small spiny insects not unlike the moth- 
borer. They behave in much the same way, eating down into the 
rolled-up leaves of the cane shoot. They pierce the rolled-up leaves, which 
have a characteristic appearance when they open, the leaves being- 
spotted with smaJl holes. Eventually they bore into the growing point 
and straight down the solid part of the shoot. 

In old canes the larva eats down the centre of the young rolled- 
up leaves above the growing point till it reaches the latter. The grow- 
ing point is destroyed and the larva continues eating through the soft 
tissue, travelling downwards. When it becomes fully fed, it bores to 
the outside, reaching first the rind' of the cane, then perforating the 
sheathing leaves. The leaf on the outside is not eaten away but a neat 
round disc is cut and left blocking the tunnel. The tunnel is then webbed 
with silk, and if there is a space between the rind of the cane and the 
outer leaf, this is bridged by a silken tube. 

The pupa retires into the tunnel and prepares cross partitions as it 
goes, webbing the tunnel across with partitions. It then settles down, 
the skin is cast and pushed behind it, and the pupa lies head downwards 
in the tunnel, 

I 


0 
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The caterpillar bores through several internodes of the cane before 
turning outwards j as a rule there are at least three internodes between 
the apex and point of emergence. 

In old canes, the death of the growing point by this caterpillar leads 
to the development of the buds next to the apex and some distance down 
the cane. The result is a cane bearing large shoots on the upper half, 
forming a bunchy top of long green shoots, Such canes are very con- 
spicuous ; the yield must be largely reduced, the cane instead of ripening 
normally, having to form shoots at the expense of its sugar contents. The 
upper half of the cane is also more fit for feeding cattle than for grinding. 
In young canes, the eftect of the attack is to produce a deadheart/’’ 
a single dead stoot which grows no more. 

Before the cold weather becomes severe, the larvae that are full fed 
turn to chrysalides and remain thus throughout the winter. At Pusa, 
the first moth was caught in the fields in 1.905 on March 9th, probably 
an abnormally late date. Many chrysalides could he found at that date, 
though they hatched out soon after. Probably the end of hibernation 
is a fairly distinct period, most moths hatching out about the same time. 
The commencement of hibernation cannot be fixed so clearly. Moths 
were common up to the end of October and in early November. After 
that none were caught and probably the last had emerged in November, 
All pupae would then probably hibernate by the end of November, 
full fed larvae would turn to chrysalides and smaller larvae would 
feed till the cold numbed them, or till they could in turn become 
chrysalides. 

The wings, legs, body, head, etc., of the moth are clothed in white 
scales, the only colour visible being at the end of the abdomen. In the 
female the abdomen terminates in a dense tuft of brown hair, the outer 
layer of which is red in the variety intaefa. The amount of this hair is 
extraordinary, and as stated above is used for covering the eggs. The 
females are larger than the males and may be known by this tuft of 
hair. Both sexes can be easily found in the field, sitting on leaves of 
cane or other plants during the day-time, flying actively when the sun 
goes down. 

A^ a rule mating takes place on the first night and egg-laying may 
occur on the second hut may he delayed. Moths do not all emerge with 
the eggs fidly developed; dissection of reared moths shows that in some 
the eggs are not so fully developed as in the majority and such moths 
probably live a day or two longer. 

The number of eggs actually laid by moths cannot be accurately 
{ascertained; even uiidey the best conditions in captivity inoths do not 
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behave normally ; they may lay -unfertilised eggSy they may lay no eggs^ 
or feWj or the full number contained in the ovary may be deposited 
irregularly. In natural conditions the eggs are laid a few at a time 
scattered over some area, each egg cluster being carefully finished 
off. In captivity this is not possible. Dissection of mature females shows 
that there are about one hundred eggs in the ovaries which appear to be 
uniform in size and fit for deposition ; immature females will contain from 
sixty to seventy large eggs and others in various stages of develop- 
ment; probably one hundred is approximately the number of perfect 
developed eggs, and in normal circumstances the majority of these are 
probably laid. 

The males die after coupling, the females after egg laying ; the 
moths that can be caught in the fields are freshly emerged males or 
females that have not laid eggs. 

The eggs are attacked by parasites, as are also the larvse. 

There are three methods of checking the pest : — 

(1) The eggs can be collected on the young plants especially when 
the first moths come out at the first warm weather. These eggs should 
not be destroyed but be put in a tray or dish standing in a larger dish 
of water or into a tray with a gutter of water round the rim. The para- 
sites hatch out and fly away, the caterpillars that hatch being unable to 
cross the water and dying. In this way the parasite is not destroyed, 
but continues to do its good work in the canes. 

(^) The young shoots can be cut out when they are seen to wither, 
and the insect destroyed with the shoot. This is exactly similar to the 
remedy for moth-borer. 

(3) The bunchy tops of the canes which are attacked can be cut 
out and used as fodder. The last is probably necessary only in bad 
attacks. 

The pest has been found commonly in Behar and in parts of the United 
Provinces. It is also known in Java. The moth has a wider distribu* 
tion in India and will probably be found in sugarcane throughout 
the plains. 


The Sugarcane Fly.^ 

A dull straw-coloured insect, about half an inch in length, with a 
conspicuous upturned proboscis, whicht is found abundantly in the canes ; 
it leaps and flies with great agility ; the female is conspicuous by a mass 
of white material at the end of the body. This fly is not difficult to 


* 147. JDictyo^Tima pallida. Don. (Eulgorid®.) 
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recognise; being found in great numbers in fields of old cane. The 



Fig. 153. 

The Cane-fy, showing TJggs, Nymgls and Imago. The nymphs are demided of 
their mealy cohering and processes. 

(Magnified fine times.) 

female lays eggs on the lower surface of the cane leaf; near or on 
the mid rib •, the eggs are oval; about one-twenty-fifth of an inch 
in length; pale green or yellow in colour* They are deposited in a 
loose irregular mass covered with white cottony material forming a 
conspicuous object on the leaf. From ten to thirty eggs are found 
in each mass. They hatch after a few dayS; and active young bugs 
emerge which are able to suck the Juice of the plant* These insects 
have at the hind end a pair of long straight processes; covered in 
white mealy wax, which they can move apart or bring close together* 
They hop vigorously from leaf to leaf and rapidly grow larger. The 
wings appear as lobes on the back; and after five moults the perfect 
winged insect appears. 

This insect is found only in canc; and is apparently widely spread 
over the Punjab; United Provinces and Pehar, but has not been found in 
"Western India. Its origin is obscure; and though it becomes abundant 
in cane; it has not been found upon wild plants and; unless brought 
from cane fields; does not come out of the jungle and infest new cane 
lands. In old cane fields it is common; but the damage is appreciable 
only in the rare cases when it is very abmidant. 



6ane mealy wing. 


Tlie insect sucks out the juice of the leaves and eanCj thus weakeiiing 
the plant ; the principal effect of its presence in large numbers is that 
the juice of such canes makes bad sugar. 

The pest can be cheeked only by collecting the eggs regularly and 
systematically till the numbers of the insect arc reduced. This is easier 
on young canes but usually necessary on maturing canes. 

No other method is so simple and the use of insecticides for this pest 
is impossible. 


Cane Mealy Wing.i 

A disease of cane well known to cultivators, takes the form of 
small, oval, scale-like bodies attached firmly to the leaf ; each is black 
in the centre, with a white fringe, about one-twentieth of an inch long, 
never moving about on the leaf. This is the immature form of the Cane 
Mealy Wing; it cannot be mistaken and is usually found in large 
numbers. 

These scale-like bodies are the developing insects, correspond- 
ing to the half 
grown larvse and 
pupm of a moth. 

If the life history 
is traced from the 
beginning we find 
orange-colo ured 
eggs, very small, 
laid singly on the 
leaf a number close 
together. The larv® 
that hatch are small 
flattened insects, 
having tiny legs 
and antennae, which 
walk a short dis- 
tance on the leaf. As each finds a suitable place it inserts its 
fine beak into the leaf and fixes itself down. At the first moult 

it assumes the scale-like form and remains motionless; its food is 
obtained by suction from the leaf and the insect has no further need of 
legs or antennse. 



Eio. 154 

JSg<js and Scales of the Cane Mealy Winy, 
{Magmfied Uvelve times) 


* Coc. 39, Aleiircdes barvdensis. Mask, (Akurodiclac.) 
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WitMn this scale it completes its larval life^ transforms to the pnpa^ 
and finally emerges as a tiny moth-like flying insect ; there are now two 
pairs of wings, and both sexes are to be found. These mate, eggs are 
laid and the life liistory recommences. 

This pest is common on cane in widely separated parts of India. 
Like other sucking insects, it is more numerous on weak cane, proving a 
serious pest if it once becomes abundant. The plant steadily loses vigour 
as the result of the constant drain of sap, and unless it is growing freely 
becomes stunted and yellow. 

Parasites attack the scales and it is not uncommon to find a large 
percentage destroyed. The pest cannot be treated once it becomes well 
established, and everything possible should be done to prevent infection of 
the young canes, either from the plant canes used or from neighbouring 
fields of uncut canes. 

If the pest appears on young canes, the infested leaves should be 
removed. Poor canes that are not growing vigorously are sure to suffer 
from such pests ; a vigorous healthy cane may become infested but suffers 
little from the insect. In most cases the insect is a sign of a poor cane, 
just as lice and ticks are of an unhealthy bullock, and the radical course 
is to grow a better cane or manure it more highly. 

The cultivators of Gujarat regard this disease {mosi) as a very serious 
one and state that it decreases the yield from 100 maunds to 30 and renders 
the cane unfit for seed. They adopt no remedy but withhold irrigation in 
the belief that if the plant^s growth is checked that of the pest wiU be checked 
also. This is probably erroneous. They also state that mist and damp kill 
the pest. The Behar cultivator has a similar behef in the destructiveness 
of the pest (laM) but appears to adopt no remedy against it. 


Minor Pests of Sugarcane. 

The Rice Grasshopper (page 119) is reported as attacking sugarcane 
but is not generally a pest of this crop. The Rice Leptispa (page 201) is 
also reported as feeding on sugarcane leaves, and the Sugarcane Hispa is 
actually found on cane but does no harm. 

Termites or white-ants are serious enemies especially to young cane. 

Three borers have been found by Mr. M. Mackenzie in Behar, and 
these are as yet little known. The larva of the Gold-fringed Moth ^ attacks 
cane much as the moth-borer does ; the Green Borer ® attacks the portion 
of the cane below the soil, and a third borer ® is found in the stalk. 


^123. CUlo auHcilia. Ddgn. (Pyralidse.) | ^ 146. AnerasUa alkitella, ZelL (Pyralidse.) 
^ 149. 'Polyooha mccharella* Ddgu. (PyralidED.) 
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Grround weevils of three species attack the young canes and are best 
checked by sowing maize or sorghum with the canes, to supply them with 
other food, Leaf-eating caterpillars eat the leaves of cane but are not of 
any importance. Three mealy bugs (page 245) are found on cane and 
may do a small amount of damage in the aggregate but are checked by 
sowing only clean seed canes. 

The Maize Fly.^ 

A small dark-coloured insect, not unlike a large aphis, is found 
in the sheathing leaves of maize and sorghum. The insects are active, 
running crab like with a sideways motion and leaping away when 
disturbed. 

Eggs are laid in the tissues of the plant, a cut being made in 
the leaf and the eggs deposited in the cut with a coating of white 
secretion. 

The young are active, grey brown in colour, running in the heart of 

the plant. Large colo- 
nies of all ages are found 
in infested plants. Tliey 
feed by extracting the 
juice from the tissues of 
the plant. Young sor- 
ghum plants are affected 
as well as maize. The 
insect is not a pest to 
field cultivation of 
maize in large areas, 
but to plots of maize 
grown where the crop is 
not a staple. It weakens 
exotic and unhealthy 
plants, and is one of the 
minor pests so common in experimental cultivation. It is allied to the 
cane-fly of the West Indies, an insect with similar habits which attacks 
sugarcane. 

Numbers of these insects are found in grass lands, being one of a 
large group of common sucking insects which are generally restricted to 
their wild food-plants. As a rule no remedy is needed beyond the simple 
one of dropping ashes or lime and kerosene into the heart of the plant to 



Pm. 155. 

Maize a, Imago, b, c, d, Yomg. e, JSgg, 

Antoma, b, k, Legs. (All magni^d.) 


4. Lel^kase jgsglloides, Leth. (Pulgoridse.) 
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drive out tlie flies. In bad cases spraying is required, the ordinary 
contact poisons being suflSeient to check the pest on a valuable plot of 
maize or sorghum. 

Minor Pests of Maize. 

Maize is the food-plant of a great number of insects which rarely do 
it serious injury ; only where it is grown in small quantities and is not 
the staple crop do these pests become so numerous on each plant as to do 
much damage. Moth-borer is not uncommon in maize and may do much 
harm. The Hairy Caterpillar of Gujarat (page 193) will eat maize if it has 
no other food. Swarming Caterpillars destroy maize as they do other crops 
but are not specially addicted to this crop (page 187). The Maize Leaf 
Caterpillar^ does an inappreciable amount of harm in ’ordinary seasons 
by feeding on the leaves. Many other caterpillars attack maize, eating 
the young plants, feeding on the tassel or destroying the cob. None are 
specific pests ; one particular pest of small irrigation crops in April and 
May^ is fond of maize as also is the Gram Caterpillar (pages 144;-45). 
The White Weevil (page ^02) eats maize leaves and the two smaller 
Blister Beetles (page 205) have been reported as destroying the flowers 
of this plant. 

Minor Pests of Sorghum. 

This crop has few pests ; the two smaller Blister Beetles (page 205) 
are quite serious pests, destroying the 
flowers and lessening the yield. The 
Wheat Stem-borer (page 122) also attacks 
it, and a leaf-eating caterpillar ^ is common 
in the young shoots but destructive only 
when in great numbers on a small area of 
the crop. This caterpillar does occasionally 
come in great numbers, feeding on the 
plant by night, lying hidden in the soil by 
day. When this is the case, ploughing 
or cultivation is advisable if it be possible. 

S'!®* 156. The caterpillars can be trapped under 

SorgJLum Leaf CaierplhT, heaps of fodder laid on the soil, as they 
will gather there by day and can be readily destroyed. The moth-borer 
is the serious pest of sorghum though only rarely becoming destructive. 
The bugs that suck the heads of this plant in South India are stated to 

^ 210. Marasmia irajpezalis. Gven. (Pyralidse.) 

^ llO. Caradrina exig'tia, Hulm, (Ncctuidaft.) 

® 29. Cirfhis uni^uncta. Haw. (Nocliiida),) 
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be serious pests, muck feared by cultivators. Other widespread pests 
in Madras are described by Mr. Barber.^ Of these the mite ■which 
produces an appearance similar to rust is a widespread pest in some years. 
On the whole this crop appears to be fairly free from pests and, when 
grown in large areas, the pests are often so widely spread that little 
injury results. , 

^ Balletiu No. 49. Diseases of Andropogoii sorghum ia Madras, (1904.) 



CHAPTER Xl. 

PESTS OF LEGUMINOUS CROPS. 


B esides tlie four pests described beloWj few insects are known to 
attack leguminous plants. This is largely due to tbe fact that these 
plants are mainly subsidiary crops, so 
that destructive insects have not the 
same opportunities for attack. The 
pests described probably have a greater 
range among the leguminous crops 
than is at present known; the pod 
caterpillar of tur is found on val 
{DoUchos lab-lab) and probably on 
other pulses. 

Tur Pod Caterpillar. 

As the tur or arkar {Cajanus incU- 
cus) crop ripens, the seeds are des- 
troyed by small caterpillars. These 
are the larvae of the Tur Plume 
Moth (fig. 160),^ an insect first found 
in Nagpur and since recognised in 
several parts of India. 

Zif $ History . — ^The life history resembles that of other moths. Small 

round eggs are laid 
singly by the moth 
on the flower or 
small pods. These 
hatch in five days 
to small greenish 
caterpillars, which 
eat through the pod 
and feed upon the 
seeds within. The 
caterpillar does not 
enter the pod but 
Fig. 158. makes a hole to the 

of Tur Tlmie Moth, {Magnified six times,) seed, and feeds from 

Txdasfa jsarasita. Meyr. (Pterophoridffi.) 




Fio. 157. 

Tur Tod Caterpillar on left, a lunch of 
spines as found on each segment 
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outside. Having eaten one seed it makes a hole opposite another and attacks 
that. The larva is green or brown or a mixture of both. The colour is 
similar to that of the pod^ that singular mixture of green and brown, and 
so is not easily seen. The body is dotted with dense tufts of spines and 
hairs, the former of peculiar form, either single or 
radiating from points in each segment (fig. 157). 

After a larval life of 25 to 30 days, the chry- 
salis is found on the pod. It is coloured exactly like 
the pod and is clothed in fine hairs as is the larva. 

After seven days, the moth emerges, a singularly 
graceful moth, with long narrow wings. It may be 
found flying in the dusk and comes readily to 
lights (fig. 160). 

Beseription , — ^The pest is a common one on tur 
or arhar [Gajmiis indims) and is found commonly 
in Bombay, Central Provinces and Behar. It has 
not been reported from many districts, but is an 
inconspicuous insect, and is probably common 
throughout the plains. Where this crop is grown 
extensively, the pest does no appreciable harm. 

Where small areas of tur are grown, it may be very 



Fiu. 160. 

Tw Moth. fim 



Fio. 159. 
of Tw Plume 
Moth. 

[Magnified six times.) 
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destructive^ causing a loss of quite forty per cent, In addition to tur it 
has been found on val {BoUchos lal4al) and probably attacks other pulses, 

Bemedies , — ^No case has been seen where remedies for it were required 
except in experimental plots. On such plots^ spraying with strong contact 
poisons is a simple and radical cure. A sprayed plot gave an increased 
yield of fifty per cent, over a similar unsprayed plot. Serious attacks of 
this pest in large areas could be checked by hand-picking or other tedious 
methods, and where such attacks occur preventive measures should be 
taken in the following seasons. The only really valuable preventive 
measure probably lies in not growing any leguminous crop, such as val, 
mung [Bliaseolm mnngo), etc., from the time the tur is picked till the 
next crop is ready. By this means the pest will be starved out and will 
not be abundant in the next season. This is a matter of local conditions, 
tur ripening so much sooner in some parts of India than in others. The 
pest has alternative food-plants in the small mass of leguminous crops 
grown in the hot weather and rains, chiefly vegetable crops which form 
pods at a time when the pest has not got its staple food, 

Tur Pod Fly.i 

A small white maggot, found feeding upon the seeds of tur ; the 
injury is apparent only when the insect leaves the pod, there being at 
first no sign of the attack. A small hole in the pod is the only external 
sign of an infested pod. This pest was discovered in the Central 
Provinces ^ and has since been found in Behar. The fly lays an egg in the 
pod piercing the shell with her ovipositor and leaving a single egg behind. 
The maggot feeds upon the tur seed, first tunnelling under the skin, later 
devouring a large part of it. Only one seed is eaten and several maggots 
may inhabit the same pod. The maggot is a typical fly maggot, small, 
white, without legs or head, the mouth at the tapering end with small 
black hooks ] in length it is one-eighth of an inch. When full grown 
it cats almost through to the outside, leaving only the thin outer skin of 
the seed intact. It transforms within to the brown seed-like pupa, and 
when the fly emerges, it pushes through the thin skin left by the larva 
and emerges directly into the air. Larvse and pupae are found in the same 
pod. The fly is a very small black insect, the wings large in comparison 
to the body. It is common in the tur fields, though not easy to find or 
to recognise from other small black flies. The female has an ovipositor, 
an organ resembling the sting of a wasp. 


' 194. (MuficidsB acalyptratsa.) 

^ By Bfltirajn Kta-mparia^ Knfcomological Ass.stan|: . 
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Tlie life history appears to be a short one and broods probably 
succeed one another rapidly. The increase of the insect is checked by 
hymenopterous parasites. 

No precautions are possible once the fly has laid eggs in the pods. 
Nothing can then he done to destroy the insect without destroying the 
pods also. It is unlikely that the insect causes serious harm in large areas 
of tur. Much has to be learnt of this insect before preventive measures 
can be devised. 

Tur Leaf Caterpillar.^ 

This caterpillar feeds upon the small upper leaves of the tur plants 
webbing them together into a small compact mass within which it lives. 
The webbed leaves are very conspicuous so that the pest is at once 
recognisable. 

The moth lays eggs on the upper leaves, the eggs being laid singly, 
scattered over many plants. A small white caterpillar hatches, which 
feeds upon the leaf. It draws together the very small leaves at the tip 
of the shoot in the usual way characteristic of caterpillars ; commencing 
with two leaves close together, it rapidly draws a thread between them, 
the thread being of soft gummy matter, exuded from the lower lip of the 
insect ; first touching one leaf with the end of the lower lip it aflixes the 
gummy matter, draws it rapidly across to the other leaf and so produces 
the first thread ,* it then returns, bringing a second thread to the first 
leaf and continues to move from one to another, producing small threads 
which rapidly dry and so contract j as the first threads dry they pull the 
two leaves together and the later threads are shorter ; all the threads as 
they dry shorten and their united pull eventually brings the two leaves 
together ; the caterpillar then commences on a new leaf, and draws that 
close to the two previously webbed ones, so continuing till it has prepared 
its habitation. Within this knot of leaves the caterpillar lives ; it grows to 
a length of one quarter of an inch, smooth, with no markings, the head 
brown, a very small prothoracic shield and the body a yellow tending to 
orange. When full fed it pupates within the twisted leaves and a tiny 
dark-coloured moth emerges. This moth is never seen in the fields, 
being very small and coming out only at night or in the dusk. 

This pest attacks the young tur plants in July, August and Septem- 
ber. It produces a very characteristic form of injury, which is of little 
importance unless the top shoot is so drawn into the knot that it is killed. 
When only side leaves are drawn in, the leaves alone are killed, but where 
the top shoot is affected, it is bitten through and side shoots are 


1-43. lEKcelis eritica. Meyr. (Tineidse.) 
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thrown out producing' a somewhat stunted bushy plant. In all the cases 
observed a very large percentage of the larvse are killed by parasites^ 
which puts a great check on the pest. The small white cocoons of the 
parasite are found in the twisted leaves of the caterpillar^s dwelling and 
may be mistaken for some stage of the pest^s life. The pupa of the pest 
is the usual small brown pupa lying naked in the leaves. 

The pest has been found in several widely scattered districts in the 
plains. It is most abundant in plots of unmixed tur, less so where tur is 
sown with maize, til or other crops. These crops coming up more 
rapidly than the tur, serve to hide it to some extent, and though mixed 
crops are attacked, unmixed tur su:ISers more. Possibly this has some 
connection also with the habits of the parasite which may prefer the tur 
grown under shelter of another plant to tur grown in the open, and so 
destroy the insect more largely. 

The very simple remedy of puking off the affected leaves is suffi- 
cient to check it. These knots of leaves are readily seen and can be rapidly 
and easily collected by hand. The caterpillars collected should not be 
destroyed but placed in a box or some closed receptacle ; 
the parasites will hatch out gradually, and if the box be 
cautiously opened in the day-time in bright light, they 
will fly out; the moths will not escape at the ^ same 
time if the box is carefully opened. In this way, the 
valuable parasitic flies will not be destroyed, but mil 
return to the fields to complete their useful work. 

The Oram Caterpillar. 

The seeds of the gram plant are commonly eaten 
by a large green caterpillar, somewhat over one inch 
long when full grown, which sits 6n the outside of the 
pod. This is a cosmopolitan pest ^ wbich attacks an 
enormous variety of crops all over the world. 

The life history is identical with that of similar 
caterpillars ; the eggs are. laid singly on the food-plants, 
small whitish eggs, round and beantifnlly sculptured ; 
the caterpillars feed for a short time on the leaf or 
the outside of the gram pod and then bite tbrongb to 

Fig. 161. seeds ; they feed from outside, attacking one seed 

Qram CaierfUiar, after another, but not bodily .entering the pod and 
Twice magnified.) remaining there. This period lasts about a fortnight as 

Chlofidea ohsolefa^ ilp’, ^No^tuidse.) Tb^ AiDerican 





GUAM CATERPILLAR , 


145 


a rale, when the caterpillar descends to the ground, buries itself and trans- 
forms to the chrysalis. The moth emerges in as short a time as six days in 
the hot weather, but may remain over one month or even up to three 
months in localities where the winter is cold. The shortest actual life 



Gram Caterfillar, {Tmce magnified) 

history is very little over three weeks when the temperature is high 
and food plentiful, This species attacks a great variety of plants hut 
is cliiefly known as a pest upon gram, which it attacks severely. 

Where the winter is mild, the caterpillars are found throughout the 
season on gram, and there may be more than one brood in this crop. 
Where the winter is colder, the moths emerge from hibernation and 
attack the gram ,* this occurs in Behar in late February or early March 
in normal years ; if many moths come out then and lay eggs on the 
gram, there may be a considerable loss. From this time till the following 
November there is a succession of broods on various plants. 
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tur {Gajanm inclimi)^ tlio fruits of tomato and the seeds of bajra 
[Vennuetim t^plioideim) and siiuflower sp.). 



Fig. 164 . 

of Qram Caterpillar. {Magnified tv)ice.) 

The leaves of the indigenous indigo [Indigofera sumairana) ^ of lucerne 
{Medicago mtiva), of maize and the wild dJiaUm are its food-plants at 
different seasons of the 'year ; it is believed to be the caterpillar attack- 
ing the ganja plant [Camahis satim), and there are many records of 
rather doubtful food-plants, in Indian Museum Notes. The above is 
only a partial list of its food-plants, the moth having been actually 
reared from caterpillars found feeding on each of these plants. 

With this great list of food plants, the moth presumably finds little 
difficulty in laying eggs, and the pest can thus live at all seasons of the 
year. In America the insect attacks the bolls of cotton, a habit never 
recorded against it in India. Its attacks on gram, on opium and perhaps 
on ganja are important on the whole, though perhaps rare. The cater- 
pillars are noticeable for their colour variations, and it is impossible to 
describe them. Green is the basis of the colouring with brown stripes ; 
or brown almost obscures the greens or blends to form a variety of 
neutral tints. Another feature is their carnivorous habits ,* they devour 
one another readily when shut up together or when food is scarce, and 
the artist has attempted to -depict this (fig. 168 ). They are also note- 
worthy for their feeding habits. As a rule they feed on pods or capsules, 
stretching in froni outside to reach the seeds a^^d never going inside 
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the pod ; having eaten one seed they move down the pod and eat in 
opposite another. The species is known from every continent and has 
become extraordinarily omnivorous. 

There is no trustworthy record of this species behaving as a surface 
caterpillar or ^ cutworm/ though it is possible it may do so ; nor does it 
often appear to come in large swarms and move from field to field. It may 
be characterised as a pod and fruit caterpillar becoming a typical leaf-eating 
caterpillar only when it must do so. 

It is doubtful if any further treatment than hand-picldng is ever 
possible or desirable except in cases of bad attack on small areas of 
experimental cultivation, where spraying may be necessary. The cater- 
pillars are large and should certainly be hand-picked in early gram and 
opium in order to prevent the later brood from being very large. 


Minor Pests of Groundnut. 

Groundnut is on the whole fairly immune from insect pests but is injured 
by hairy caterpillars (pages 161-63) . These caterpillars have a predilection 
for groundnut, and where they are abundant will destroy a field in a very 
short time. In districts where hairy caterpillars are found, the crop should 
be protected. Another common insect which likes the groundnut is the big 
cricket, whose habits are described elsewhere (page 334)). 

A small black caterpillar webs up the leaves and lives within the webbed 
shoot j this is not destructive but is likely to be"*thought a serious pest. 
White-ants greedily attack groundnut and may be a very serious pest. The 
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leaf-miner^ of groundnut in South India and Ceylon is a pest ^?lliell becomes 
of importance only when the climatic conditions are abnormal and favour it. 


Pests of Sann Hemp. 

The Sann hemp [Crotalaria jmcea) is very commonly attacked by 
three species of hairy caterpillars which come 
in large numbers and eat the leaves. These 
caterpillars are much alike with slender bodies 
covered in short hairs, the usual colour being 
black or brown with yellow or white (fig. 168). 
The life history is much the same in the three 
species; the moth lays a mass of small white 
eggs in clusters on the lower side of the 
leaves ; these hatch in three or four days to 
small dark caterpillars which feed voraciously 
on the leaves. They rapidly grow larger and 
in a fortnight are full grown, when they 
bury themselves in the soil with a light 
cocoon round them in order to pupate. The 
moth emerges after four to six days. The 
moths are characteristic ; all are bright 
coloured and they can be seen in the fields 
clinging to plants or fiuttering about in the 
daytime. The commonest species ^ is white, 

speckled with red 
and black ( figs. 
166-67); another^ 
is a brilliant 
orange with 
black speckles; 
the third ^ has 
the fore-wings a 
dull red with 
black speckles 
edged with gold, 
the hind-wing 
red with black 
spots. 

^ 273. dnacam^sis nerteria. Meyr. (Tineidse.) 

® 137. Utefheisa ^ulchella. L, (Hypsidse.) 

® 56. drgina cribrttHa. Cl, (Hypsidse,) 

^ 55. 4rgina syringa, Qr. 



The JRed Spotted JErmine Moth, 
{Magnified two and a halftimes^ 



Pig. 166 . 

The Ted Spotted 
JEi'mine Moth, 
[Magnified two and a 
half times.) 
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The moths lay their eggs also on wild plants, breeding particularly 

upon leguminous plants. There arc 
seyeral broods in the year, the iirst 
ill March or April, the second in 
June or July, when the bulk of the 
caterpillars are found on the sann 
plants. 

The great safeguard against 
these pests lies in clean cultivation, 
thus affording them no food-plants 
at times when sann hemp is not 
available. It is also possible to 
collect the clusters of eggs and the 
newly hatched caterpillars if a 
sharp watch is kept when moths 
are seen in the field. Nothing can 
be done to a crop that is once 
badly affected except to spray lead 
arseniate. 

Sann is also attacked by a small 
brown flea beetle, which eats holes 
in the leaves ; the beetle does little 
harm but it is likely to be thought a 
serious pest. 

Other Pests of Leguminous Crops. 

Mung {Pkaseohs mnngo) is attacked by the caterpillars of the 
moth^ figured, which eat 
into the base of the pods 
and destroy the seeds ; the 
caterpillar remains within 
and eats seed after seed 
until it is full fed, when it 
pupates in the ground. 

This form of damage is 
very characteristic and the 
pest easily found. It is as 
yet doubtful how far this 
pest occurs generally, as it 

* *' ■' JPiO. 

has not been commonly Mung Moth. {Magnified.) 

23X . Maruca tesMalis* Gej. (Pyralidse.) 
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reported ; probably no remedies are required and no easy way of checking 
it is yet known. 

Soybean (Qlycine mja) suffers from surface grasshoppers when quite 
young, from leaf-eating caterpillars of several kinds as it grows larger. 
Except in places where the conditions are suitable, the crop is likely to 
suffer much from these pests. 

Indigo is attacked by a variety of insects, none of which appear to 
be of very great importance. An aphis * and a small scale-like insect,^ 
which gather in abundance on the shoots, are pests which weaken the 
plant and, should the latter not be healthy, will seriously damage it. The 
Iherwa of Behar is a pest of indigo as of other crops grown where these 
insects thrive (page ^37). Caterpillars of many kinds attack indigo as 
they do most luxuriant crops, and the indigo plant naturally suffers more 
as it is grown at a time when other vegetation is not available. It is 
worth noting that the Java-Natal variety of indigo suffers less than the 
other varieties of indigo generally grown in Behar. Little is known of 
these caterpillars and none appear to be specific pests of indigo. 

^ 83. Aphis cafdiiL Linn. (Aplndae.) | ^ psylla isitis. Buckt. (PsyllidEB.) 



CHAPTER XU. 

PESTS OP MISCELLANEOUS FIELD CROPS. 

T he number of miscellaneous field crops in India is so largo that the 
pests are probably numerous. However^ not very much is at present 
known of the pests of minor crops^ and a number of insects can be 
omitted because they come into well defined classes of pests not needing 
individual discussion. Pests of these crops are likely to be more local 
and far more varied than is at present believed. The few that are dis* 
cussed here axe general in the plains^ so far as their crops extend * Yery 
many new ones remain to be found and among them many very interest'^ 
ing insects peculiar to India. 


Jute Pests. 

The insect pests of the jute crop (Gorchorus oHtorins and C. capmU^ 
ns) are as yet but little known. A small black weevil ^ breeds in the 
stems of the jute^ the grub being found tunnelling near the axils of the 
leaves. The grub is a very small white insect^ legless; with the usual 
biting mouth-parts ; it makes small tunnels in the jute stem^ causing the 
plants to become stunted and wither. In some cases one grub is found 
to almost every leaf ; the tunnels extend about an inch up and down the 
plantj and about half-way across the stem. The perfect insect is a very 
small black weevil with long slender beak j it is found eating holes in 
the leaf of the jute plant. Nothing more is known of this pestj which 
was found on jute in Bengal by Purushottam G. Patel. 

A pest of jute grown experimentally in Behar is a green semi-looping 
caterpillar ; the first pair of prolegs is reduced in size^ the body and 
head green ; two lateral stripes of white run from head to tail and there 
are numerous black spots with white edges on each segment. This insect 
lives on the top of each plant; eating the leaves and eventually destroying 
the bud; so that the growth of the main shoot ceases. It has been found 
only on jute and is apparently a specific pest of this crop.® 

Jute also suffers from hairy caterpillars (pages 161-6^) . Germinating 
jute is attacked by the ground grasshoppers (page 221), and before 
sowing it is advisable to clear grasshopper-infested land of themi 

^ 212. Ajpiou sp. (Curculionidiie.) 

^ 229i Cmmo^Ul’a mhuUfera. Gudn. (Noetuida.) 
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The Mustard Sawfly.^ 

Mustard, rape, cabbage and other emeiferons plants are eaten by 
the larva o£ one o£ the few plant-feeding Epmnoptera known in India. 
This larva is a black caterpillar-like insect ; it may be distinguished from 
the true caterpillars by having eight pairs of sucker-feet instead of five ; 
it is a small insect not more than half an inch long, of a dull black colour ; 
the sldii has the appearance and feel of velvet. 

It is a pest to field cultivation of mustard, rape, etc., as also a more 
serious enemy to the cabbage and radish crops grown by market 
gardeners. The larva feeds in the morning and evening, descending to 
the ground by day. When full fed, it makes a slight covering of silk 
between two leaves and turns into the pupa, from which the perfect insect 
emerges in 10 to IS days. The imago looks like a fly, with a rather short 
thick-set body marked in black and orange and with two pairs of dark 
wings. It is a very inconspicuous insect but may be caught in the fields. 

The female lays her eggs singly in the tissue of the margin of the 
leaf, splitting the edge and depositing an egg inside. There are several 
broods in the year and the larva continues feeding in the cold weather 
upon the rabi crops. It is rarely destructive where a large area of 
cruciferous crop is grown : when it infests small plots or garden cultiva- 
tion it may cause a large loss. Dusting lime, ashes or soot on the plants 
has a deterrent effect for market gardens ; this is the simplest precaution. 
Lime or road dust mixed with kerosene is better than ashes. The same 
applies to field crops ; only small areas are affected and in them a good 
dusting with any of these mixtures is sufiicient to cheek the pest. The 
cultivator's practice of collecting the larvae by hand in an earthen pot and 
carefully liberating them outside the field is of course a useless precaution ; 
the larvae simply go into the ground and crawl back into the field as soon 
as it is dark. This insect has been found in widely separated localities in 
India and is probably of general occurrence. 

The Diamond Back Moth .2 

In several parts of India crops of cabbage, mustard, radish and similar 
plants have been attacked by the little green caterpillars of this moth. 
The leaves have holes in them and present a withered appearance, being in 
some eases eaten almost completely. The pest is familiar to those who 
grow these crops, and the cultivators round Surat collect the caterpillars in 
water and throw them outside the fields. The pest is probably a common 

^54. Aihalia, proxima, Kl. (Tentliredimdaj.) 

2 8. JPlwtella maeulipmnis. Curt. (Tiueid®.) 
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oiie; but as it attacks plants wbich are grown chiefly on small areas near 
towns, it does not rank as an important pest and has escaped notice. 

Life Ektofij—TnQ moth lays small white eggs on the leaves of the 
plant on the under side. From these eggs come the caterpillars, slender 
green creatures, tluck in the middle, which feed upon the tissue of the leaf, 



Diamond, Dock Moth {Magnijied.) 

not biting it through but eating o:ffi the lower surface. These portions' of 
the leaves wither and holes appear in a short time. The caterpillar is 
about half an inch in length when full grown, the head is small, the body 
almost devoid of hairs. There are the usual three pairs of legs and five 
pairs of sucker-feet. The caterpillar lives and feeds for about a fortnight 
and then constructs a very beautiful cocoon of white silk. The cocoon is 
very light, of a fine texture, and the green chrysalis is visible within. 
This is the resting sta^e, the chrysalis remaining motionless inside for about 
one week, becoming a little darker in colour. The moth then emerges. It 
is very small, nearly half an inch long when the wings are folded, with an 
expanse of two-thirds of an inch across the open wings. The prevailing 
colour of the wings and body is brownish grey ; the fore-wings have darker 
spots and a light line along the inner edge. When the fore-wings are 
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folded^ the lig-ht marks on the wings come together forming the 
characteristic diamond marks along the upper surface^ from which the 



moth takes its name. The moth may be 
seen in the fields fiying from plant to 
plant or resting on the plants. There arc 
several broods in the year^ overlapping irre- 
gnlarly^ so that insects of all ages are found 
at the same time. Probably there are at 
least eight and possibly twelve generations 


Pig, 171. 

Diamond DacTc Moth. 
{Natural site and magnified^ 


in a-year^ the insect being active through 
the cold weather and continuing its life 
history as at other times. 


Remedies . — The |)est is a serious one to growers of cabbage_, mustard^ 


radish^ and similar crops raised for sale in the bazaars. The cabbage 


crop sufers heavily^ the plants 
being fre(^iiently badly attacked^ 
the leaves spoilt^ and the crop 
unsaleable. The cultivator's 
remedy of picking the larvae is 
effective but very tedious. Better 
results are obtained with spray- 
ings and the simple tin hand 
sprayer made in the bazaar at a 
cost of rupee one annas twelve is 
eminently adapted for this work. 



The best insecticide is ■ Messrs. Bemi-loo^er Caterpillar that eats cabbage, 
McDougal & Co.^'s Insecticide and {Magnified fo%r times) 


Pun gicide. Kerosene emulsion is effective and also pyre- 
thrum powder (or Keating^s insect powder) used as a 
stomach poison at the rate of 1 oz. to 1 gallon of water. 
Where such work is done intelligently, the use of lead 
arseniate is by far the best remedy, but owing to its 
poisonous effect if applied in excessive quantities this 
insecticide cannot be generally applied. Where spraying 
is not possible a dressing of ashes, applied by hand to 
the underside when the plants are wet, is effective in 
preserving the leaves from the caterpillars. A good 
Fio. 173. and safe application is tobacco and soap or tobacco 

Bern' lo^^ decoction, made by soaking refuse tobacco in cold water 

oTmUag^eie^a/mdtr of 1 lb* to 5 gallons and adding soap suds 

a sillen web, made by mixing J lb* soap in 1 gallon of water, 
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Minor Pests of Mustard, Rape, etc 

Cruciferous plants also suffer from tke attacks of other insects 
which are not specific pests but come casually. More than one species 
of caterpillar can be reared from mustard^ 
cabbage, rape, etc., and the cabbage crop in 
particular suffers from the presence of green 
semi-looper caterpillars ^ which eat holes in 
the leaves. The mustard aphis is also a 
serious pest, attacking mustard, rape, sarson, 
etc., when grown as a rabi crop. This aphis 
appears first on the young plant, increases 
with enormous rapidity, and clusters on the 
pods and stems. A weak crop becomes ex- 
hausted and unable to bear seeds (page ^39). 1^4). 

The painted bug (pag^e 233) is a very minor Callage Moth 

pest of these crops, in peculiarly favourable seasons becoming very abun* 
dant on late sown mustard. 



m. m. 

The T.ajge Aphis. 

a, Wingless female, b, c, Winged female. [Magnified twehe limes.) 

^ lOO. JPhsia signoda. F. (Noctuidae.) 
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Tobacco Stem Borer, 

Tlie most serious pest of growing tobacco is a small whitish eateiYiHar, 
which is found tunnelling in the main stem, causing a peculiar gall-like 
swelling. The caterpillar enters at the axil of a leaf or tunnels down the 
mid-rib of the leaf until it reaches the stem ; apparently it hatches from 
an egg laid on the stem or on the leaf, but this egg has not been found. 

Having entered the main stem, it tunnels in the tissues, which swell 
and undergo abnormal growth, producing a distinct and characteristic 
knot. Within this swelling the caterpillar lives until it is full grown, 
when it prepares an exit hole for the future moth and turns to the pupa 
inside. The moth^ is a small brown insect, the wings narrow and 
fringed, not easily distinguishable from the many small moths of this 
family which are found in the fields. 

Tobacco is a crop of which great care is taken during the growing 
period, so that cultivators are aware of this pest ; when they find this 
swelling, they make a cut into it with a knife, believing that the admis- 
sion of air will destroy the insect.^ Apparently the pest is not injurious 
in healthy vigorous tobacco but is worst in a season of drought. It is 
common in various parts of India and Mr. Green reports it from Ceylon. 
Where the pest is seen so late that the emerging moths could not produce 
a new generation in the tobacco, only plants that are useless should be 
removed and burnt. No treatment, except perhaps that of cutting open 
the plants, can check the insect in the stem. The pest can be looked for 
in experimental tobacco cultivation, where varieties are grown side by side, 
and causes a considerable amount of harm under these circumstances. 

Tobacco Caterpillars. 

Leaf-eating caterpillars attack tobacco and a small number may 

do a large amount of 
actual damage by eating 
holes in the leaves. The 
most abimdant of these 
is a dark brown cater- 
pillar, common through- 
out India, which is the 
Toiam Leaf Caterpillar, larva of a common moth. ® 

' ^^6. Qnorimo schema heliopa. Low. (liaeidse.) 

® Eor tliia and other facts about Gujarat cultivators, I am indebtedlto Purusbottam Patel, 
drst Mdmau. 

® 53. Frodenia liUoralis, Boisd. (Hoctuidse.) 



TOBACCO PESTS. 


157 


The life history is similar to that of other moths^ the eg'gs being 

laid on the plants the caterpillars 
feeding on the leaves, the pupa 
lying in the earth without a 
cocoon, the moth lying hidden by 
day and emerging at dusk. In the 
hot weather or rains the whole 
life history is passed in about a 
month ; the insect hibernates as a 
pupa or larva, emerging in March. 
If tobacco is not available, the 
caterpillar attacks a variety of crops 
and is a pest in gardens (see page 
181). 

Another species attacking tobacco is a green caterpillar, with a 
similar life history ; it is a common insect in the plains, the moth ^ being 
closely similar to that of the G-ram Caterpillar, both being of the same 
genus. When the tobacco is young, an application of lead arseniate 
does good, poisoning all caterpillars that feed on it. This application 
cannot be made to plants that have large leaves and are within a short 
time of ripening, as the arsenic might remain on the leaves. A fort- 
night before cutting is the very latest date on which arsenic can be 
safely applied, In such a case nothing but hand-picking is possible, 
and a careful watch must be kept for such caterpillars in the last growth 
of the tobacco plants. 



Minor Tobacco Pests. 

Surface grasshoppers are commonly found attacking newly set out 
plants of tobacco, eating the leaves and destroying the young plants. 
Even if the plants are not killed, the crop becomes very uneven. To 
check this the grasshoppers should be removed before transplanting ; 
where possible the transplanted seedlings should be dipped in the lead 
arseniate mixture used to poison the leaves ,* the young plants grow quite 
well and regularly (page ^^0), 

Crickets are also found attacking young tobacco, and where this is a 
valuable crop, the ravages of the large crickets may be important 
(page 

The seed capsules axe eaten by several caterpillars, including the 


^ 1 CUgrid^a c^smltct^ Guen. 
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omnivorous Gram Caterpillar (page 144!). This form of attack may be 
watched for and the caterpillars picked off if seed is required, as these 
insects may soon clear a plamt of the whole of its seed. 

Castor Pests. 

Castor is in general a healthy plant with few pests. Caterpillars 
are fond of it and sometimes 
come in vast numbers, clear- 
ing the plants of leaves in 
a very short time. Three 
species are represented, being Fig. 178. 

totally distinct and easily Tie Smooth Castor Caterpillar. 

. j (Magnified twice) 

recognised. 

The Smooth Castor Caterpillar is a long slender caterpillar of a 
dark colour, with longitudinal stripes of red and white ; it has the usual 
five pairs of prolegs, the first being reduced in size ; at the hind end 
there is a small blunt paired process on the dorsal surface. The cater- 
pillar walks with a semi-looping motion. This caterpillar pupates 
in a fold of the leaf in a light cocoon. The life history is short, 
occupying about five weeks, and there are several broods in the year. 
The moth ^ is figured here ; it is common throughout India, and the 
caterpillars often appear in hordes, strip the pjlants and disappear. 
The Hairy Caterpillar also feeds upon the leaves and is found in clusters 
at the base of the stem from whence it climbs up the plant to feed. The 
full grown insect is over two inches long, clothed in dense hair and look- 
ing like a piece of blanket. This caterpillar is not so abundant as the 

former species and has other food- 
plants. It pupates in a cocoon 
formed of the hairs of the larva, 
the moths * that emerge being 
green or yellow, the male much 
smaller than the female. The Spiny 
Castor Caterpillar is a green cater- 
pillar, the body covered with 
branched spines, the head with 
Fig. 179, two long processes bearing spines. 

Moth of Smooth Castor Caterpillar showing It feeds upon the leaves of the 
i>mrandlnmm-f«:eofmng,. and pupates by banging 

itself from tbe leaf; the pupa is greyish brown, with a flat hood-like 




^ 62, Ophiusa melieerte. Dr. (Noctuidse.) 

* 206. Tralfaldi vishrm. I<ef. (Lymantriidse.) 
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structure on the back, similar to other butterfly chrysalides. The imago 
is a deep brown butterfly/ common throughout India (%. 180). 

These three species attack castor at almost all seasons of the year. 
When the eggs are laid and the caterpillars hatched, nothing can be 
done but to destroy that brood by picking and burning the infested 
leaves. The increase of these insects is rapid and, if allowed to multiply, 
they may come in such vast numbers as to entirely strip the plants. 
The smooth caterpillar is the worst as it feeds upon many wild plants 

and suddenly appears in numbers 
out of the jungles, eating every 
plant it can find : having finished 
the castor, it starts upon other crop 
plants. Like other Noctuid cater- 
pillars, this species feeds voraciously 
and quickly; the life history is 
short and the reproductive powers 
of the moth large. Compared with 
it, the Hairy Caterpillar is harm- 
less, being slow in its life history 
and having few broods in the 
year; and the spiny butterfly caterpillar is a rarer insect, that appears 
constantly but does not multiply at the enormous rate of its successful 
cousin. 

Another pest of castor is a small caterpillar found boring in the 
capsules, destroying the seeds. It does a considerable amount of destruc- 
tion when well established and is found abundantly in late ripening castor. 
The caterpillar is easy to rear, a small bright yellow moth^ emerging, 
which is speckled with black. The chief safeguard is in leaving no stray 
plants for the pest to breed in ,* where the crop of castor comes on evenly 
the pest can do little harm. When some ripens early or is sown early, 
or when stray plants are left in the fields and bear at unseasonable times, 
the pest increases. It is best to sacrifice the early capsules, picking them 
and destroying them. 



Fm. 180. 
Castor Bnlterjiy. 


Til Sphinx. 

A large green caterpillar, with oblique yellow stripes on the abdominal 
segments, is found feeding upon the leavBs of til (sesamum) during the 
cold weather. It has a large horn on the hind end and grows to a length 

^ 150. JBrgoUs merione. Cr. 

* 1§1. DichocToois Gueii, (P 
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of over two incLes. This pest has been found in the Central Provinces 
attacking the cold weather til and appears to be fairly abundant in some 
seasons. The life history is similar to that of other moths of this family. 



Vm. 181 . 

The Til Sphmx Caterpillar. {From Moore.) 

The eggs are laid singly on the leaves of the plant, rather large 
rounded eggs of a greenish white colour. The caterpillars hatch, feed upon 
the leaves of the plant and rapidly grow larger. The larval life is peculiarly 

long, occupy- 
ing about two 
months, during 
which the cater- 
pillars increase 
in size till they 
are very large 
and conspicuous. 
The full-grown 
caterpillar is a 
bright green 
with eight 
oblique yellow 
stripes on each 
side; the body 
tapers towards 
the head and 
the anterior seg- 
ments can 

be retracted with 



Fia. 182 . 

Bmpiy ywpa case from which the moth 
helow. 
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the head drawn in, giving the insect a very striking appearance, The 
large anal horn adds to the curious elect, which accounts for the belief that 
the caterpillar is venomous, Actually it is absolutely harmless and safe to 
handle. When full fed the colour changes to a deep brown, and the cater*- 
pillar then leaves the plant to find a suitable place in which to enter the soil, 

This change of colour is protective, the green colour hiding it when 
on the green plant, the brown colour when it is on the ground searching 
for a suitable spot. It buries itself in the soil, appearing as a pupa after 
a period of rest. This is a large chestnut brown insect, smooth and 
shiny; the figure shows the empty pupa ease from which the moth 
above emerged. The pupal period lasts for two, three or more months. 
The moth is one of the larger hawk moths,^ closely related to the ^ death'^s 
head^ moth of Europe. The head and thorax are dark, the latter with 
the ^death^shead^ mark, the abdomen is yellow with black bands and a 
dark stripe down the middle, the fore- wing is mottled in brown and 
grey, the hind-wing yellow with black bands. 

The larger specimens measure nearly four inches across the expanded 
wings ; the moths are very swift in flight, emerging at dusk to fly 
about and seek the flowers from which they obtain nectar. 

This species has also been found on val [Dolichos lahlah) and has 
alternative food plants. It is found throughout the plains of India, not as 
an injurious pest but as a common insect ; it has a wide distribution outside 
India. The best treatment is to pick the caterpillars by hand ; they are large 
and conspicuous, can be easily collected and are most simply killed in water. 

Minor Pests of Til. 

A small white caterpillar, black speckled and with a touch of creamy 
green, is found feeding 
on the leaves or the pods 
of til. It is not common, 
though widely spread in 
India and has not been 
reported or found as a 
serious pest. It is the 
larva of a small red moth® 
less than one inch across 
the expanded wings, 
which extends over Ei©. iss. 

Europe and Asia. Another Sairy Caterpillar of JBilar, {SUgThily magnified,) 

AeleronUa stysc. Westd. (SpMngidse.) 

* |11. Anti^astra cotalaunglis, Bup. (Pyralidse.) 
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pest is the hairy caterpillar (fig. 184) which devours so many crops. 



Ere. 184, 

Edry Caterplhr of JBihar, {Slightly magnified) 

No other pests have been found affecting this plaat, though doubtless others 
remain to be discovered. 



CHAPTER Xlll. 

PESTS OP VEGETABLE CROPS. 

I N this chapter the pests of all vegetable crops will not be treated in 
detail ; some few pests that deserve individual mention will be grouped 
together, In small areas of vegetable crops the pests of field crops also 
occur j radishes in a garden are damaged by the same pests as rape and 
mustard in the field. Above all^ numbers of occasional pests occur in small 
areas of garden crops; leaf-eating caterpillars are numerous, plant lice 
and mealy bugs abundant ; the brown ants eat the cauliflowers, cockchafer 
grubs eat the roots of any plant, and so on. Such numbers of insects 
attack a vegetable or market garden that they cannot be discussed in 
detail here, 


Sweet Potato Weevil. 

A small weevil,! very narrow in outline, with a conspicuous straight 
^ beak, coloured in red and blue, is found in 

^ sweet potato tubers in the ground. All stages 

n may be seen in the tuber and the beetle is 

quite characteristic. 

/ 1 This is almost the only known specific 

(f\ sweet potato in India, a cosmopolitan 

y 1 ^ pest found throughout the tropics. The 

^ X L ^ weevil lays eggs singly on the tubers, 

I/ \^J\ hatching into a small white legless grub 

n h which at once tunnels into the potato. The 

Q \ g^^^b eats its way in the potato, filling the 

i ) tunnels with excrement and setting up decom- 

Fia. 185. -x- 

Tie 8meiB>taio Weevil. . p n . 

{Magnified four times.) The pupa IS found in the potato, in a small 

{FromTrgon.) cavity dosed at each end with particles; the 

imago when it emerges eats its way to the surface and escapes. 

The whole life history occupies about ^ 

one month; the broods succeed one Y- " 

another quickly and the pest continues M 

to increase so long as the weather is ^ ^ / |\ 

warm. The tubers are attacked in the | ^ 

field, the beetle laying eggs in the thick Pig. i86. 

stems on the tubers. A badly infested Tie Sweet Fotato Weevil. 

T,, , JX XJX 1 {Magnified four times.) 

plant becomes weak and stunted, the {FromTrgon) 


Fig. 186. 

Tie Sweet Fotato Weevil. 
{Magnified four times.) 
{From Trgon) 


' 7 * C^Ias Jurei^emis, Bohm. (Curcnlionidffl.) 
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stems swollea and tlie leaves small. The symptom is one recognisable 
to the trained eye, but not easily distinguished from the appearance of an 
unthrifty stunted crop. An examination of the tubers on the main stems 
reveals the pest at once, even if the beetles are not seen upon the leaves. 

The result of the attack is that the tubers are converted into a decay- 
ing mass unfit for food. A tuber on being cut exhales a peculiar sharply 
aromatic odour, and the tissues round the tunnels darken when exposed 
to air. If left alone the insect reduces the whole tuber almost to dust. 
Tubers even lightly infested are unfit for human food; they may be 
crushed and fed to cattle if not too much attacked. 

When a crop is once infested, nothing can be done to cheek the 
pest; the infested potatoes must be destroyed to prevent the insect 
breeding. Sweet potatoes should not be grown twice running on or near 
infested land ; the pest must be starved out. Equally when a crop is 
infested and spoilt, the whole crop must be dug ; small infested tubers 
left in the ground af ord a breeding place to the beetle and it is thus able 
to attack the next crop. As a rule, a crop which grows deeply is not 
attacked, and the beetles lay eggs only in tubers exposed on the surface, 
A deep rooting variety should be grown where the beetle is prevalent and 
every precaution must be taken to ensure the total destruction of an 
aSected crop. 

Pests of Melons and allied Plants. 

Melons, cucumbers, pumpkins, and the like are moderately immune 
from pests, no very important ones having yet been found. The Melon 
Fruit Ely is discussed elsewhere (page 170) ; the best remedy against 
this pest to melons in Baluchistan and the Punjab is to bury the young 
fruits in the earth, as is now done, or to protect them by means of muslin 
bags from the egg-laying flies. In India generally, pumpkins, melons 
and all forms of cucurbitaceous fruits suffer from similar flies but not to 
any serious extent. The maggots are found in the fruits here and there ; 
the flies laying their eggs in the young green fruits. For all these, care 
in the destruction of infested fruits is the rational check on their increase, 
and a maggotty fruit should never be left to rot on the ground and 
breed flies as is so often done. 

The Mpilachna beetles are common pests on pumpkins, etc. ; they are 
universal in India, feeding normally upon wild plants and multiplying 
slowly on the crops. They are discussed separately (page ^04). 

The Red Leaf Beetle^ is the most general pest of these plants 
(fig. 233, page 200) ; it is found in all varieties, the beetle feeding among 

^11, Aula^eof’hom Kust. (Chrysomelidse.) 
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the leaves and damaging tke young plants. This beetle is perhaps the 
most common and abundant insect in the plains^ met with wherever 
there is a cucurbitaceous plant. Its life history is still unknown. 
Well-established plants that are growing fi'eely do not suffer from this 
pest, but it eats young plants completely. Lead arseniate is the direct 
cure, but an occasional dose of kerosene emulsion to make the leaves 
nasty, or a liberal dusting with ashes or lime and kerosene keeps away 
the beetles for the time being. 

With the red beetle is a very similar insect ^ with blue black wing 
covers (fig. 234, page 200) j this is rarer but still fairly common and 
behaves just as the red beetle does. 

Among other pests the Banded Blister Beetle (fig. 241) is common 
on the large flowers of these plants, feeding on the anthers and sepals. 
It looks a far worse pest than it really is, as the destruction of the flowers 
really does not matter, 

A single caterpillar is abundant upon these plants, behaving as an 

ordinary leaf caterpillar. This is a 
slender green caterpillar, marked by 
a stripe of white on each side of the 
mid-dorsal line, and a spot of black 
on the first two segments ; it grows 
to a length of one inch and pupates 
on the lower surface of the leaf under 
a thin webbing. The moth^ is 
white with a broad band of black on 
the edge of the wing (fig. 187). 
When very numerous this is a destruc- 
tive insect, riddling the plants in a 
short time. Where possible a good 
application of lead arseniate should 
be applied. In other cases, only 
laborious methods of hand picking 
can be used. 

Caterpillar Pests of BrinjaL 

Three species of caterpillar attack th^ brinjal plant (Solmum melon- 
gem) working in similar ways but belonging to three distinct groups 
of moths. It is difficult to distinguish these in the caterpillar stage 
and we may consider them together. 

^ 125, Aulaoophora esecavata, Baly. (Ci>ry8omelidEe.) 

^ ind%Qa^ Sauiid. (Pyralid®.] 



187. 

Moth of Fumpkin Caterpillar* 
{Twice magnified) 
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These caterpillars bore tunnels in the stems and branches of the plant, 

living inside and feeding upon 
the tissue of the plant. They 
are whitish coloured insects, 
smooth and generally similar 
to other borer caterpillars. 
The eggs from which they 
hatch are deposited upon the 

Fruit Borer. (MagnijUd three Imes.) 

caterpillar at once bores into the stem. When full grown the caterpillar 
pupates, making a cocoon for itself on the plant, on the ground or more 
rarely in the tunnel of the stem. The pupa stage lasts from eight 
to twelve days in warm weather and the moths emerge. The whole 
life history occupies about one month in the warm weather and up to 
three months in the cold. These moths are of very distinct appearance ; 
one^ is a small brown insect, with narrow 
fringed wings and sharply upturned palps; it 
superficially resembles moths such as the Pink 
Boll-worm Moth (page 94)) or the Cotton Bud- 
Worm Moth (page 100). We may call this the 
moth of the stem-borer caterpillar, since the 
caterpillar is principally in the main stem. 

The other moths are both white ; one ^ (fig. 189) 
has brown and black speckles on the wings, and 
the larva has a rather pinkish colour (fig. 188) ; 
it is found commonly in the fruit of the 
plant and we may call it the fruit borer."^^ The other ^ is slightly 
smaller, white, with a broad green blotch on the wing. It is a quite 
distinct insect and easily recognised. Its larva bores only in the upper 
branches of the plant, tunnelling in the soft shoots. We may call it the 
shoot-borer.^^ 

The stem-horer is found principally in the lower part of the stem 
near the ground ; it attacks plants at all stages and is a serious pest. 
Where brinjal is grown as a long crop, quite thirty per cent, of the old 
plants may he attacked and killed; the plants wither suddenly when 
the larva cuts through the cambium layer of the main stem; such 
withered plants are common in the fields when the crop has been grow- 
ing for some months. The shoot-borer is a comparatively harmless insect. 



Fig. 189. 

JBrinjal Fmit Borer. 



^ 2. Buioplertt ^Briicella. Bag. (PyralidjB.) 

^ IQ9. iBucimdes orbomlis. Guen. (PyjalidsB.) 
® 154. BtibUmma oUmceai Wik. (ISToutuidse ^ 
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only destroying isolated brancHes and not killing the whole plant. The 
fruit-borer attacks the fruits as they ripen and also the shoots; it is 
perhaps the most common and widespread of these three species. 

The treatment of all these is the same^ namely^ destroy all aSected 
fruits and branches. In the case of the stem-borer^ the cultivator pulls 
up the withered plants and leaves them in his field. If he burnt them 
systematically from the very beginnings he would probably check the 
pest, but actually it increases steadily as his plants grow bigger until it 
causes a very large aggregate loss. 

The same applies to the affected fruits and branches ; it is common 
to see the bored fruits left on the ground or on the plant, and naturally 
every moth hatching from them means more in the next brood* A useful 
precaution where brinjal is regularly grown, is to destroy the wild 
brinjal and allied solanaceous weeds which spring up in the rains ; 
these are the wild food-plants of these species and help it to increase 
and multiply unchecked* 

Bhindi Pests. 

This plant [HiUsens esculentm) is closely related to cotton, and tO 
many plants grown in gardens for ornament. It is universally grown in 
India as a vegetable, a few plants here and there in every village^ and 
also as a field crop mixed with other plants* 

It has many pests, almost as many as cotton, the pests of cottoil 
attacking it as an alternative food-plant, the pests of wild malvaceous 
plants coming to it as it offers plentiful food when other food is not 
available. The Cotton-leaf Caterpillar {page 96) is abundant on the 
leaves, webbing them across and living under the threads* It does not 
as a rule twist the leaves up as it does on cotton* At least three other 
caterpillars feed on the leaves^ two being peculiar pests of tnalvaceous 
plants ; these emerge into moderate sized light yellow moths/ the wings 
marked with dark brown suffusions* 

The "White Weevil and Green Weevil eat the leaves of bhindi as 
they do of cotton and other crops (page 202), Both the Spotted Boll- 
worms also attack bhindi, the larva boring into the pods or into the 
succulent stems. The Eed Cotton Bug (page 104) lives upon bhindi 
when cotton is not available, feeding upon the seeds and breeding freely 
upon these plants* So also the Dusky Cotton Bug (page 107) is found 
in the old open pods^ sucking out the seeds. 

In spite of all these pests, bhindi grows freely and yields well. A 
little attention on the part of the cultivator checks the insects, hut as the 
^ 68i AxsonUaifamtiersa, Guen. (Noetuidse) ; &117. AconiiOr malvee. Esper, (Noctuidse.) 
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<?rop still comes, in spite of the pests, no attention is paid to theni. This 
is unfortunate, as these insects on bhindi are also the pests of cotton 
which do much harm. 


Pests of Ginger. 

Two pests have been found attacking ginger in Bengal, neither 
seriously. The ginger maggot is a white fly maggot found tunnelling 
in the rhizome of the growing plant ; these maggots resemble the usual 
fly maggots, being small headless white insects, with mouth-parts in the 
form of hooks. They tunnel in the tissues, killing them and setting up 
decay. The pupa is found in the rhizome and the fly is found walking 
on the leaves of the plant. The fly Ms a noticeable insect, with long legs, 
a long narrow body and wings ; such flies are not uncommon but can be 
seen in any number on ginger plants. The rhizome should be examined 
for maggots and any diseased ones destroyed. 

The ginger caterpillar is a green caterpillar, with a dark head, of 
the typical skipper form, which lives upon leaves, folding one over and 
lying hidden inside the fold. The pupa is also found on the leaf and a 
prettily marked butterfly ^ emerges. As a rule one caterpillar is found on 
each plant, the butterfly laying her eggs one at a time. The pest is easily 
checked by hand picking, the caterpillars and pupae being found in the 
large folded leaves. 

Potato Pests. 

The only speciflc pest of potato recorded is the very common green 
bug,® a cosmopolitan insect which sucks 
the juice of the plants and is found 
commonly on them. It is a common 
insect in the hills and is readily checked 
by hand-picking. 

A boring caterpillar has been reared 
from potato plants in Dharwar which 
is the Brinjal Bruit-borer (page 163). 
A somewhat serious pest in Bengal is a 
mealy bug which attacks the stored 
seed potatoes, and apparently causes 
them to rot. Seed potatoes infested 
with this bug cannot be preserved until 
the next season. The treatment is 
very simple and lies in storing the 

Calolaia sp. (Muscidae aealyptrata.) | ^ 215 . XJdm^es fohs. Cram. (Hesperiid®.) 
• Nezarcct viridula. h. ^entatomidse.) 
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The Green {Magnified.) 
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potatoes in asHes or other dry powder, or in examining them periodically 
and, if infested with bug, dipping them in a weak insecticide such as 
kerosene emulsion. A mixture of ash, lime, flour or other powder and 
kerosene dusted over stored potatoes wiU preserve them by destroying 
the bug. 



CHAPTER XlV. 


PESTS OF FRUIT. 
Fruit Flies. 


T hroughout the tropics^ ripening* fruits are infested with the 
masrs'ots of flies, P"” ^ 1 


1 maggots of flieS; 
which burrow in the 
soft tissues and render 
the fruit walueless. 
Such flies are of far 
greater importance in 
other parts of the world 
than in India^ possibly 
owing to the di:flerent 
manner in which fruit 
culture is conducted in 
India. Several species 
are known in India^ the 
Melon Tly of Baluchis- 
tan and the Punjab/ 
the Peach Ply ^ of 



Pjo. 191. 

The Mango Mg. Zarm on the right. (Magnified.) 


FiU. 192. 

Mango frnit infested with maggots. 
' 218. Cmfompu parcialina. Big. (Trypetiese.) 1 2 EicelUa 





Jkanclii, and tlie Mango Fly ^ of Behar, the United Provinces and other parts 
of India being the more important species. There are in addition species 
■which attack the brinjal, the turia, the various melons and gourds, the fruit 

of the akh [Calotropis spp.) and other wild 
plants. These insects cannot be said to 
be known as serious pests ; they may be 
so, as the cultivators do not report such 
attacks and it is only rarely that they 
can be investigated. The Mango Fly is 
perhaps best known, as it attacks a fruit 
of general consumption and is noticed 
by many persons. 

The life history of fruit flies is gen- 
erally as follows: the 'female lays eggs 
in the tissue of the fruit, piercing the 
rind by means of the ovipositor, the 
sting-like continuation of the abdomen. A number of small white eggs 
are laid, which hatch in a few days to tiny white maggots. The 
maggots live on the pulp, making tunnels through it and perforating it 
in all directions. This period lasts about ten days, and the maggot 
then leaves the fruit and enters the earth, where it becomes a pupa. 
From this the fly emerges after the lapse of about a week. The 
details of this life history 
vary for different fruit 
flies, but such are the 
salient facts. 

The Melon Fly is in- 
jurious in Baluchistan 
and the Punjab; its life 
history has been recently 
worked out.^ The female 
lays one or several 
eggs (4i-7) singly or in 
batches on the rind of 
the fruit in the early 
hours of the morning, a 
very young fruit being generally chosen for oviposition. The eggs are 
white, oval and elongate, hatching in 4 to 5 days. The small white 
larvsD at once bore into the fruit ; as they proceed into the pulp, the 



The Baluchistan Melon Why. Barm on the rights 
{Magnified,) 



I'm. 193. 

The Beach Fly. {Magnified.) 


^ 129. Focus ferruginem 01. (Trypetid©.) 

2 Report of Lala Vishwa ISTath Sahai, EEtomological AssistaEt, Punjab. 





passage fills up behind them and a few days after tbe maggots have 
reached the inner pulp^ the hole in the rind closes completely up. When 
several maggots are contained in a single fruity it gets stunted and 
dies } if the number is only three or four, the fruit decays only if the 
maggots bore out through the rind. 

When full grown the maggot is about half an inch long ; it pupates 
in the fruit or, if the fruit is much eaten or decayed, in the soil. Pupal 
life lasts for IS to 18 days, the whole life history occupying one month. 
There are two broods in the melon crop, the first a small one, the 
second very large. 

This account of the Melon Fly is typical of the whole group, with 
small distinctions. As a rule eggs are laid in the fruit, not on the rind. 
The critical point in the attack is the first brood ; if the first flies can 
he prevented from laying eggs or the first larvse destroyed, the immense 
second brood is checked. 

These flies have been very carefully studied in other parts of the 
world where they are very serious pests. We have, therefore, the experi- 
ence of other countries to guide us in our attempts to check the pest. 
Actually two measures only can be advised which are adopted else- 
where. It may he taken for granted that once the fly has been allowed 
to lay eggs, tbe infected fruits are doomed. No possible treatment can 
destroy the maggots in the fruits. Also there is no method of destroying 
the flies on a large scale and so killing them before the fruits ripen. 
It is possible to prevent the flies from laying eggs by the use of 
netting. The flies only lay eggs on ripening fruits, and in South 
Africa the fruit trees liable to attack are covered in cheap mosquito 
netting of a fine enough mesh to keep them out. This simple remedy 
is practicable where the value of the crop to be saved exceeds the cost of 
the netting. 

In addition, it is clearly wise to check the increase of the flies them* 
selves in the fruits. The early ripening fruits are naturally first attacked 
and from them comes the large second brood that attacks the main crop. 
Every fruit that falls from the tree, and every fruit that is found 
to he infested, should he destroyed to prevent the flies emerging and 
multiplying. 

At the present time an effort is being made by entomologists 
abroad to utilise the natural enemies of these flies and introduce 
them to places where they do not at present exist. Up to the present 
there appears to be no reason to anticipate much practical result 
from this method until a far greater amount of investigation has 
been made. 
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For the Indian species, this line of enquiry cannot be entered upon 
until more is known of fruit flies in general. Very few enemies of fruit 
flies are known in India and very little is on record of the habits or dis- 
tribution of the species discovered. As in other cases, if the cultivator 
would take an interest in his pests, seek for all infested fruits and 
destroy them, much would be done towards checking them. As a rule 
infested brinjals, for instance, are plucked and allowed to lie on the ground 
near the plant, the natural result" being that the pest is encouraged 
and allowed to multiply unchecked. The same applies to other crops ; 
maggotty mangoes lie on the ground and rot, breeding a fine large 
brood of flies which lay eggs in every late mango fruit. 


Mango Hoppers^ 

Mango trees suiter from the attacks of small insects, which we may 
call hoppers, which infest the flowering shoots of the tree. These 
insects resemble the Cicadas superficially but are much smaller being 
one-sixth of an inch in length. They are somewhat wedge-shaped with 
wings sloped at an angle over the back. Large numbers are found 
on the mango trees throughout the hot weather but especially at the 
flowering season when there is a flow of sap to the flowering shoots. 
These insects pass through their active hfe on the tree, sucking the 
juice of the soft shoots and causing them to wither. The cast sHns 
may be seen in abundance on the under surface of the leaves of the 
tree. The insects when young jump actively, when full grown fly out 
from the leaves when disturbed. They are rarely plentiful, and their 
increase appears to be assisted by damp winds, such as the east winds of 
Behar which in some seasons blow in February and March. The result 
of this increase is seen by the withering of the flowering shoots and 
consequent failure of the crop. Like other sucking insects these insects 
excrete large quantities of sugary fluid, which falls upon the leaves 
below and dries, leaving a sticky shiny deposit. When abundant, immense 
quantities of this fluid fab, which is a symptom of the disease. There 
is only one elective treatment which must be adopted vigorously ; this 
is spraying with strong contact poison such as crude oil emulsion 
or sanitary fluid ; a large spraying machine fitted to a barrel with a 
good length of hose fixed to a bamboo should be used so as to reach 
high up the tree, and the spraying should, if possible, be done before the 
flowers open. 


' spp. (.Tassid«B.) 
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The Mango Weevil,^ 

In many parts of India ripe mango fruits are found to be spoilt by 
the tunnels of an insect which^ emerging from the stone, eats its way 
out through the pulp. The insect is a short, thick-set weevil, dark brown 
in colour, one-third of an inch in length. When disturbed it draws its 
legs together and lies motionless, feigning death. The grubs bore in 
the kernels of the mango fruit when it is growing large ; these grubs 
pupate inside the fruit and as the mango ripens, become beetles, eating 
their way out through the pulp of the fruit, which they spoil, The 
beetle hides at once in the bark of’ the mango tree, either in a natural 
crevice or in a hole prepared by itself. The beetle remains in this 
position apparently until the next season and there is, therefore, but one- 
brood in the year. 

The weevils remain alive for very long periods and are capable of 
living until the next year when they lay eggs on the mango flowers or 
young fruits. Weevils have been found throughout the year on trees 
whose fruits were infested, and it is certain that they can hve over till 
the following year. They also remain in the soil and not always on the 
bark of tree. The treatment of this pest will depend upon two precau- 
tions : destroy aU infested fruits with the insects, and destroy the weevils 
on the bark of the mango tree in August. The weevils can be found on 
the hark of mango trees, which accounts for the fact that year after year 
the same tree is affected ; the weevils come out of the fruit, and stay on 
that tree till next year, not flying or moving away. The bark of trees 
which bear infested mangoes should be well washed with strong kerosene 
emulsion or other contact poison, with a view to destroying the weevils 
found there; this has not been tested as yet but is worth a trial. A 
further precaution consists in thoroughly cultivating the ground under 
the trees, so as to destroy the weevils. Rai Bahadur B. C. Basu has 
found that when the land below infested trees is flooded, the trees are not 
infested in the following year. 

The Lemon Caterpillar. 

Lime, lemon, orange and other citrus trees are defoliated by 
curiously marked caterpillars, which feed openly upon the leaves of the 
plant. These caterpillars hatch from small round yellow eggs, laid a few 
at a time upon the topmost shoots of the plants, where the young cater- 
pillars will find tender leaves upon which to feed. They are at first brown 

^? 04 . 
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with -white markings^ closely resembliag the droppings of birds^ and 
doubtless feed on the leaf in an exposed position to assist the resemblance. 
The head is provided with two processes, When nearly full grown the 



Fio. 195. 

Lemon Caterpillar^ feeding. 


colour changes to a vivid green^ -with lateral brown markings and the 
caterpillar now leaves its exposed position on the leaf ; when young they 
feed on the quite smah leaves^ attacking larger ones as they grow older. 
As a rule only a few are found on each plant but they do much mischief 
to small plants andj if abundant, entirely strip them. The caterpillar 
pupates on the plant, fixing itself by the tail and by a thread round 
the body which is fastened on each side to the plant. The butterfly^ is 
large and conspicuous, common throughout the plains (figs. 196 and 197). 

39. demoleus, Jj, (PapiUonidse.) 





Pi». 196, 

CTirysalis of the Lemon Caterpillar. 

There are seyeral broods in the year, the first in April, the second in 
Jnne, the last in November, but there is also a brood in December in 
places -wbere the cold is not too great. The simplest method of dealing 
this pest i^ to pick o:i the caterpillar^ an^ destroy them. The 
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application of lead arseniate is effectnal, but as there is usually a succes- 
sion of egg-laying females, one application is not sufficient, and it is 
simpler to pick them by hand. Another butterfly^ with an almost 



Eig. 197. 
Lemon Butterfly, 


identical life history is found attacking citrus plants but is apparently 
less common. 


Insect Pests of the Orange. 

Orange and other citrus trees all the world over are infested with 
scale insects and mealy wings, some being extremely virulent pests. 
These are not lacking in India, though they do not work a tithe of the 
damage caused elsewhere. In the Himalayas as in Calcutta, the leaves 
are covered with a small yellowish oval scale ^ from which a mealy-wing 
fly emerges ; in Western India, a black oval scale takes its place, belong- 
ing equally to the mealy- wings. Toth these species weaken the plant, 
extracting the sap and slowly killing the branches. True scale insects 
also infest these plants but they are apparently rarer. Tor these pests 
there is nothing better than a good spraying with a rosin wash j the whole 
plant must be carefully sprayed especially the under-surface of the leaves. 

Another pest of the orange is a large moth,''^ which pierces the rind 
of this and other fruits with its powerful proboscis in order to extract 

* 195. Bapilio pamwon, L. (Papiliouitlae.) | ^ Aleur odes enyenice. var. Anrantii. Mask. 

* OpUderes fullonica, L. (Noctuid©.) 
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the sap. The insect is a handsome one, the upper wings coloured in 
tones of grey, to resemble tree bark, the lower bright orange and black. 

By day this insect hides on the bark of 
trees, with the wings folded, coming out 
at dusk to fly about. It is attracted to 
fruit, feeding on the juices. This insect, 
like many others, comes into houses at 
night and can probably be trapped by 
putting up a lantern in front of a vertical 
white sheet, the broad white light attract- 
ing it. This would bring it to settle on 
the sheet when it could be killed. An 
alternative possible method is to give it 
food in the form of jaggery made into a 
syrup with water, mixed with a little 
country liquor or other intoxicant. Both 
of these devices are common ones among 
moth collectors and worth trying against 
this pest when the oranges are ripe. As 
the larva lives upon wild plants in the 
jungle, nothing can be done to check it. 

Stem-borers are reported to injure oranges in India and may be 
found attacking the trees. Such borers are the grubs of beetles j the 
beetles lay eggs on the bark, the grubs on hatching boring through the 
bark into the trunk. They live in the trunk and attain to a great bizq 
before pupating, eventually 
coming out as beetles. The 
beetles are long, slender, with 
very long anteiinse. Two 
species are known from lime 
and orange trees in Assam and 
Coorg, and others are known 
from fruit trees, coiee, tea, etc. 

The successful treatment of 
these insects consists in catch- 
ing the large beetles when this- 
is possible, destroying the grubs 
ill their burrows by means of 
a bent wire, or by means of 
injecting carbon bisulphide, kerosene or other fluids into their burrows, 
which must then be closed up with wet clay or tar. 



Pig. 1£9. 

The Anar JBiiUerJly. 



PiG. 198. 

A typical Tree-loring Beetle, 
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The Anar Caterpillar.^ 

Tlie cultivator of the pomegranate [anar) is familiar with the fact 
that a proportion of the 
fruit is destroyed by this 

pest ; in a bad season the , ,/i J. 

proportion is very high; in 
normal seasons small. At 
the time of the blossoming 
of the fruit tree; the female 
butterfly deposits the eggs ^ ^ 

Singly on the flowers. The k j j ; 

caterpillar hatches and bores into the developing fruit; within which 

it lives. The food con- 
sists of ^ of 

^ of colour; the hind end 

is flattened above^ form- 

the caterpillar is said to 
close the hole it makes in the rind of the fruit. "When fnU fed, tho 
caterpillar comes out of 

the fruit and webs silk 

over the base of the fruit 

this is an extraiordiiwy — ' '*» — 

instance of instinct; 202. 

which almost amounts Tie Anar CaUrmllar. (Enlarged) 


Fig. 201. 

Ami' CaterjiUlar, {Magnified twice.) 






Fig. 202. 

The Anar Caterpillar, (Enlarged) 


06. Tiraclola isQcraies, Fatr. (Lycamidjc.) 



Thong 



Fig. 203. 
JPupa of Anar 
Butierfiy. 
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to "reasoning/' From the chrysalis a pretty butterfly emerges, vyhick 

is found commonly in the cold weather. 

■h feeding generally in pomegranates, the larva is also 
recorded from guava, loquat and wild fruits. It is 
dSnctly a pesUn pomegmnate gmdens and is a diffi- 
cult insect to check. If all flowers came out together, 
it might be possible 
to systematically hunt 
the butterflies in the 
garden with nets. 

Though familiar with 
the caterpillars^ pome- 
granate cultivators do 
not know the butterfly which alone 
can be checked. 

ISTothing can 
save a fruit 
once attacked 
and only tying 

the flowers up in bags immediately after pollination 
could protect them from 
the butterfly. On the 
other handy every 
attacked fruit should be 
burnt, simply to lessen 
the increase of the pest. 

This would not save the 
present crop but would 
diminish the pest for the next crop. 




Fig. 204. 
Anar Bidtarfly. 


Anar Butterfly, front 
above, in resting 



Fig. 206. 
Anar Butterfly- 







CHAPTER XV. 

CATERPILLAR PESTS. 

ATERPILLARS are the young of butterflies and moths, recognisable 
as a rule by their sucker-feet. Nearly all are herbivorous, and as their 
rate of multiplication may under favourable circumstances he very large, 
they are common pests. In many cases the species that attack crops one 
season may next season be so few as not to be seen and other species may 
take their place ; those that are specific pests of particular crops come every 
season, but these are dealt with above. It is impossible to say that a 
particular species attacks a particular plant in very many cases, as they 
vary much from year to year and may come out only at long intervals into 
the crops. Fortunately their habits are on the whole sufficiently similar to 
make certain general remedies suitable for all the caterpillars of a group, 
whatever their species. It is only necessary to consider their habits and not 
treat a leaf-eating caterpillar in the same manner as a surface caterpillar. 

Leaf-eating Caterpillars. 

Almost every plant that is cultivated as a field or garden crop is at 
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some time infested with caterpillars which eat the leaves. This is the 
most common way in which herbivorous insects feed; a very larg-e 
number of caterpillars are confined only to wild plants^ whilst a smaller^ 
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though still large, number have been found upon cultivated plants in the 
plains of India. 

In most cases a few eaterpillai’s are found on the plant, not sufficient 
to do any injury and often doing some 
ultimate good by effecting a simple prun- 
ing and manuring which stimulates in- 
creased production of flowers and seed. 

If the caterpillars increase or continue to 
infest the plants for a prolonged period, 
they canse an appreciable or total loss of 
the crop, 

Caterpillars of this kind are so common 

that they are often neglected until they 

multiply to such an extent as to do serious 

injury; they cannot then be cheeked by 

V 11-1 , Moth of common mgeialle 

the simple measures that would have been Caterpillar, Wings in repose. 

successful if adopted in good time. {Magnifed three times.) 

Leaf -eating caterpillars destroy the tissue of the leaves; if few in 

number they eat holes iii the leaves; these holes oy the little grains of 
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excrement being the only signs of their presence. Such grains of excre- 
ment are often mistal^en for 
eggs, though caterpillars are 
unable to lay eggs. 

The life history of these 
insects is simple and can be 
easily traced in captivity. 

As a rule the parent moth or 
butterfly deposits a large 
number of eggs on the leaves 
of the plants, often on the 
under-surface, singly or in 
clusters, but usually spread 
over several plants. The eggs are small and not noticed as they are 

difficult to see. In the butterflies and 
larger moths each egg is rounded, a little 
flattened at the base and apex, adorned 
with sculptured lines and ribs, In the 
smaller moths, the eggs are commonly 
flattened, oval in outline and very 
inconspicuous. The eggs hatch in a 
short time, usually less than a week, 
into little caterpillars that crawl about 
on the plants and feed first upon the 
epidermis of the leaves, 

When grown larger they eat holes in the leaves or eat in from 
the edge until the whole leaf is 
devoured. They are voracious, a large 
amount of plant tissue being con- 
sumed which is only very slightly 
digested and passes out of the body 
as a little round grain of excre- 
ment. Actually the greater part of 
the food consumed passes through, 
little more than the juice of the plant 
being absorbed by the alimentary 
canal. 

The first moult takes place in a 
few days after hatching and sueces- 
sive moidts occui until the cater- tut cats 

pillar is full grown, Few of such 




MotTh of common leaf-eaUTig Cater' 
pillar of rice. 



Moth pf common mpeiall e-eating Caterpillc^r, 
(Magnified three times,) 
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caterpillars grow to more than one inch long^ many species never 
exceeding half an inch in length. When the body is not hairy but 
somewhat transparent^ the caterpillars are often greenish from the colour 
of the food in the alimentary canal ; or they are opaque green, brown, or 
variously striped and marked. Many are hairy, spiny and provided with 
horns and excrescences. 

The duration of larval life varies with the different species : some 
are full fed in a week, others only after two to three weeks or longer. 
Prom two to three weeks is the most general length of the larval life. 
These caterpillars have regular daily habits which must be considered 
in the adoption of remedies ; many feed only in the morning and even- 
ing, hiding away in the soil during the middle of the day ; others feed 
principally at night or are to be found on the plant only in the early 
morning and late evening. 

If food is plentiful they feed regularly and voraciously until they are 
full grown, when they turn to chrysalides. Before doing this they 
hide away, some making cocoons on the plant or in the soil, others enter- 
ing the soil and making cells there, others again twisting over the leaf 
and thus making themselves a shelter. Butterfly caterpillars hang them- 
selves to the plant or bend over a part of the leaf. 
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A Semi-loojper Caterpillcsr, the first pair of mcher-feet reduced. 


The period of pupation is determined by climatic conditions, and 
may be short, as in the rains, or prolonged through the cold weather and 
succeeding dry hot months until the next rains. Hibernation is the 
rule, and whilst some emerge as moths or butterflies at the close of 
the cold weather, the majority emerge only in the rains. The first brood 
appearing in April would be followed perhaps by a second in June, a 
third in August and the last in October | more usually there would be a 
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brood in July^ another in September and then hibernation. Sneh 
g'eneral statements can only be accepted very cautiously as the habits 
vary with individual species. 

It is not possible to give a list of the species which attack indivi- 
dual crops and such a list would serve no useful purpose. A detailed 
account has been given of several species (pages 96, 159, etc.). Eice is the 
food of many species, which are also grass feeders; the large area under rice 
usually allows for a large number of such caterpillars being widely spread 
so that the damage is distributed, but exceptionally they are so abundant 
as to cause serious injury. Some crops are apparently not attacked by 
caterpillars, such as the various yams {Dmcorea and Colocasia)^ mdihe 
tapioca {Manihot)* Leaf-eating caterpillars are destructive principally in 
small areas of irrigated crops or in patches of special crops not 
generally grown in the district. The fields of mixed crops, grown to 
a limited extent in April, May and June, usually with well irrigation, 
suf er heavily from this pest, as many moths emerge from hibernation 
at this time and lay eggs on a small area of crop. Later in the year 
the same caterpillars may be spread over a far larger area of staple crops 
with no appreciable harm. The same may be said of special crops of 
which only a small area is grown ; this applies particularly to experi- 
mental farms and is one of the reasons why crops grown on experimental 
farms suffer to so large an extent from insect pests. 

In general, each species of caterpillar feeds only on a few closely 
related plants ; thus there are species which feed only on cotton, bhindi, 
ambadi [Bihums camalinus) and JiibiscuSs others on maize and sorghum 
or on cabbage, rape and mustard. A small number have a greater 
range of food-plants, such as the omnivorous Gram Caterpillar (page M4) 
which eats gram, opium, tobacco, tipari, tomato, maize, etc. It may 
be remembered that the caterpillars have no choice of food-plant in 
most cases, since they can move over only short distances, but the moths 
seek out the right plant on which to lay their eggs, their instinct 
telling them on which plants their young will be able to feed. If no 
plants are found the moths can live for a considerable period before 
laying eggs. 

Treatment , — There are several simple methods of checking leaf- 
eating caterpillars and of preventing them from becoming serious 
pests. The simplest method is to pick them off by hand ; it is of course 
useless then to liberate them near the field from which they were taken 
as the cultivator sometimes does, but they must be destroyed. In most 
cases the destruction of the first brood prevents the injury caused by the 
otherwise large second brood; unfortunately the first brood commonly 



186 


CATERPILLAR PESTS, 


escapes notice as it is a small one and the large second brood is so 
abundant that hand-picking becomes a difficult business. 

In some instances it is possible to shake the caterpillars to the ground 
and crush them. When the caterpillars hide in the ground by day-light, 
cultivation between the plants exposes them to birds and kills many. 
The same is true when they have entered the ground and become chry- 
salides. This is always necessary when the field is badly attacked, as 
a large number of chrysalides will probably be found there. 

On low crops the use of the bag (page 72) is advisable, large numbers 
being swept up. As a preventive measure one must do everything 
possible to stimulate the rapid and healthy growth of the plant ; a strong 
vigorous plant that is putting out many leaves can stand far more than 
a weak unhealthy one. 

The practice of sowing mixed crops has an influence on leaf -eating 
caterpillars and the mixtures sown especially on small irrigated areas in 
the dry hot wea,ther are almost necessary if the main crop is to be estab- 
lished, The caterpillars which are very prevalent in these crops, attack 
a subsidiary crop which can be rooted out, leaving the main crop well 
established and healthy. Occasionally it is possible to use another crop as 
a trap for caterpillars, which then do not injure the main crop. Thus 
sorghum and maize are valuable in certain areas in cane fields and the 
value of bhindi as a trap for pests of cotton is being tested. Such plants 
must be used with caution. If allowed to grow too long they first 
attract pests from outside and then transmit them to the main crop, 
becoming breeding places for undesirable insects which when abundant 
leave them. The essence of a trap crop is to destroy it with the insects 
on it at the" right moment. Birds are extremely valuable as checks on 
leaf-eating caterpillars and anything which encourages such eaterpillar- 
eating birds as mynas is useful. The growing of roadside trees has a 
very special value in this connection, especially when these trees are such 
as mynas frequent, and the cultivator's practice of putting branches of 
trees in an infested field of paddy so that the insect-hunting birds 
may come and perch there is a shrewd one. The common hen is 
a valuable ally in gardens and small cultivation, hut she requires 
some food besides caterpillars and must not he left to feed exclusively 
upon them. 

In most cases one of the above precautions can he applied success- 
fully and when all else fails, an appHcation of insecticide can he resorted 
to if the crop is worth it. For small areas of vegetable crop and for small 
irrigated patches, the tin sprayer and a dose of kerosene emulsion does 
^1 that is required ^ if the caterpillars are large, lead ar^eniate may he 
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advisable^ either sprayed or dusted on. In some cases a mixture of dry 
dust and kerosene or dry dust (or lime) and sanitary fluid can be applied 
to the plants ; this acts with plants like cabbage, maize, sorghum, etc., whose 
leaves are so formed as to hold 
the powder. Every attack of 
leaf-eating caterpillars can be 
so checked, but the cultivator 
will not always think the crop 
is worth the cost of the in- 
secticide or the labour. The 
application of insecticides by 
means of tin sprayers is more 
readily adopted by market 
gardeners who grow vegetables 
for sale in the towns, than by 
cultivators ; every cabbage that is eaten by caterpillars means a loss to the 
market gardener. 

At present over thirty species of leaf caterpillars are known which 
attack crops. Many more species will be found, but all have essentially the 
game habits and life history. 

The question of parasites is a very important one in connection with 
leaf-eating caterpillars. As a rule when these caterpillars become very 
'abundant, the parasites also increase to such an extent as to kill a very 
large percentage of the pupae. The result is that few moths hatch and 
the pest does not reappear as it otherwise would. This is discussed in a 
later section (page ^68). 
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Typical Swarming Caterpillar, 


Swarming Caterpillars. 

It is not unusual to find that large numbers of caterpillars come out 
suddenly in the fields, ravage the crops and disappear. The caterpillars 

are large, smooth, not hairy, coloured 
in green or brown usually with stripes 
along the body from head to tail. They 
appear in large numbers, eat a variety 
of crops, and disappear. 

This form of pest is very similar to 
Fig*. 215. the last but is distinct in that the cater- 

Motl of Swarming Caierpillar. pillars really appear in swarms, and 

damage large areas of crops. The methods of treatinsr such an attack are 
not the same as those used against the ordinary le^-f-eating caterpillars^ 
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In every case of swarming- caterpillars^ the following is the 
sequence of events that occurs. Under favourable circumstances a large 
number of moths hatch at a particular time; very many emerge 
from the chrysalides simultaneously and may be seen flying about 
in the evening. These moths lay eggs; every female moth lays at 
least a hundred and some lay as many as one thousand; if circum- 
stances are favourable they aU lay eggs within a few days. After 
a week or so, the eggs hatch out and multitudes of caterpillars appear. 
They are very tiny at first and feed steadily; if plentiful they devour 
the plant they hatch on, becoming perhaps half grown; they then 
commence to search for food and wander about; if large numbers are 
hatched out, they then form into masses and if they find a crop they 
will absolutely destroy it. 

When they have become full fed they descend into the ground 
and become chrysalides, forming for themselves earthen cases in the 
ground. All will perhaps disappear in a few days and the reports say 

that they have died; but 
should circumstances be 
favourable these chrysalides 
will yield moths which will 
again lay eggs, giving rise 
to a fresh attack. 

Such is the usual 
sequence; since the cultivator 
only sees the caterpillars 
feeding, he does not under- 
stand the cause, nor does 
he connect together the 
appearance of moths and the subsequent swarms of caterpillars. These 
attacks are worst when the conditions are such that the moths all 
emerge from the chrysalides together. At the end of the cold weather 
it becomes warm perhaps within a very few days; then a vast number 
of moths hatch out together; should the cold weather end early the 
cateiq)illars attack the rabi crops, and the destruction may be very large ; 
if the cold weather continues later the caterpillars may not find crops 
to eat; if it comes very gradually, the moths do not all hatch out at 
once and the caterpillars do not come in swarms. If the caterpillars do 
not come in swai'ms the wild plants may be sufficient for their food 
and the crop will possibly not be attacked. Swarming caterpillars are 
worst when they are so abundant at one time that they exhaust their 
wild food-plants and are compelled to enter the crops to find food, 
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Tiiese caterpillars do not oeear throngliout India ; they are serious 
pests only when the conditions are favourable and such conditions are 
not universal in the plains of India. The climatic conditions of Behar 
and the United Provinces seem to he particularly favom’able to them^ 
possibly because the cold weather suddenly gives place to the warm 
weather when the moths hatch out in abundance. Little is yet known 
of the occurrence of such swarms of caterpillars but they are likely to 
occur wherever the conditions favour them, 

A curious feature of these caterpillar swarms is the number of species 
that are found composing them. Apparently the favourable conditions 
that produce a large number of one species favour others and we find 
several species, one in great numbers, others in smaller but still, in the 
aggregate, large numbers. For this reason also, it is impossible to rely 
upon the reports and specimens sent in, and as only a few cases have been 
investigated, little is known of the species which occur in this way. The 
basis of a swarm is nearly always a caterpillar of the kind known as an 
“Army Worm,^^ that is a smooth-striped caterpillar (fig. 214), which 
emerges into one of perhaps six moths ^ of the type figured. With 
them are for instance the Tobacco Caterpillar (fig. 176), the Sorghum 
Caterpillar (fig. 156), the Gram Caterpillar (fig. 162), several butterfly 
and many other moth caterpillars which are typically leaf-eating 
caterpillars. 

As these pests occur suddenly and not regularly, little has been done 
to check them or to test the best means of destroying them. The usual 
methods of applying lead arseniate would be the best if generally avail- 
able ; this should be done on experimental farms. Other methods depend 
upon the local conditions. The great thing is to do something quickly j 
the cultivator does nothing, because he thinks that caterpillars are sent 
as a punishment or at least have a miraculous origin. 

When the crops are young or low the usual hopper bag can be used to 
sweep up the caterpillars (see page 72); discretion must be used in doing* 
this only when the caterpillars are out feeding. When this is not possible, 
an application of lime and kerosene, road dust and kerosene or other offensive 
powders may be of use. When the caterpillars are concentrated in a 
small area, it may be possible to trench all round to isolate them, then 
apply a mixture or a spray or worry them with a hopper bag till they 
become restless and move, when they will fall into the trenches where 
they may be killed. 

^287. Agrolis fammatra, ScMff. (Koetuidse.) 239, JEuwoa spinifera, Eubn.] 

288. Euxoa segetis. Scbiff. 240, Agrotk gfsilon, Eoth. 

236. SfodopUra maurUia, Boisd. 110, Caradrifia exigua. Guen. 
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Trendiing is one excellent method of isolating them^ and so long sLS 
the trench has sloping sidesj it need not he more than eight or ten inches 
deep. The cultivator naturally hopes the caterpillars will go into his 
neighbour's plot of land and does not trench to isolate them on his plot ; 
Ms neighbours should trench to protect their own fields. Methods of 
surface cultivation are useful when the caterpillars bury themselves by 
day ; light surface cultivation turns them out where the birds will eat 
them. So also when the caterpillars disappear; probably they have 
gone into the soil to pupate. Sm-face cultivation turns them out for the 
birds to kill them. 

The principal reason why nothing is done to cheek these pests is that 
they invariably disappear after a time (to pupate and come again as 
moths) . The cultivator hopes they will do no harm and sooner or later 
sees them vanish ; he attributes this to invocations of holy men or to 
fate^ but does not realise that they will come again and are not dead but 
undergoing metamorphosis ; should circumstances be favourable^ the 
increase of the emerging moths will be enormous. 

These pests come from jungles and waste lands; the planting of 
waste lands ; strips bounding on fields, boundary strips, etc,, with good 
grass would do much to check them ; trees are not liable to bring them 
but flowering plants and low vegetation encourage them. The ideal 
cultivated areas would include no waste lands with scrub where such 
vegetation is growing, but only grass land and trees. 

Finally, the most important thing is to worry the caterpillars and 
prevent them feeding. The bag, a rope, a latld^ almost anything dragged 
through an infested crop disturbs them. In a plague of swarming 
caterpillars recently investigated, it was found that sweeping the crop 
with a heavy latU was sufficient to disturb the caterpillars so much that 
they stopped feeding. It was only necessary to do this twice a day and 
the crops were practically uninjured.^ If it were possible to induce the 
cultivator to do anything energetically, no matter how simple, such 
plagues could be rendered almost harmless. 

Surface Caterpillars* 

Caterpillars, which hide by day in the soil and come out at night to 
eat vegetation or to cut ofE young plants, are commonly known by the 
above name> or in America as euWorms/^ They are large, smooth 
caterpillars coloured in dirty brown^ green or neutral tintsj with obscure 
longitudinal lines, or in soMe cases with black spotsi "When handled 


^ Beport at C. S. Misra and D, K. PaU 
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tliey curi up; not as a cockchafer grub does with the ventral surface 
inwards, but to one side. 

These caterpillars are universal and some species are of almost world- 
wide distribution. It is scarcely known how many species behave in this 
way in India ; though several common species have been reared, it is exceed- 
ingly difficult to determine accurately how much damage they do, and 
in recent years only one species ^ seems to have been common or abundant. 

This is the so-called Greasy Cut-Worm, and its life history may be 
taken as typical of the group. 

The moth lays a very large number of small white eggs singly, on 
weeds or stones, in any convenient situation near the ground in waste 
lands, in grass borders, near fields or in weedy fields. The caterpillars 
feed on plants and live by day in hiding', coming out at night to feed. 
When half grown they have a habit of biting through the base of the 
plant, if it is a small one, thus cutting it ofi ; the plant is then removed 
to the burrow in the soil where the caterpillar finds shelter. Night after 
night the caterpillar lives thus, until it becomes over an inch long, and is 
large enough to destroy half-grown opium plants. Each caterpillar cuts 
off more than it can eat and the destruction caused is very large. When 
full grown the caterpillar makes a cell in the ground puj^ating there. The 
moth emerges after a varying interval, and there is reason to believe that 
though the caterpillar remains active through the winter in most parts 
of the ]plants, the pupa hibernates in moderate cold. 

Surface caterpillars feed principally upon weeds, in waste lands or 
unweeded fields. They are often abundant, not in the crops, but in weedy 
places where there is good growth of low vegetation. They attack crops 
principally after floods ; the exact explanation of this fact is not under- 
stood, but it appears to be generally true that, when land has been 
flooded, cut-worms are found on it in the ensuing rali season, and that 
after extensive floods, surface caterpillars are most abundant in fields and 
gardens. The number of surface caterpillars may also be influenced by 
the character of the season, damp weather being favourable to the emer- 
gence of moths and consequent rapid breeding. Surface caterpillars are 
found most abundantly on young raU crops and throughout the cold 
weather. They attack a great variety of crops, including opium, tobacco, 
gram, peas, lucerne. 

Surface caterpillars are not generally distinguished from leaf-eating 
caterpillars which never live on the surface or from the swarms of the 
caterpillars which come in March, April and May* Yet these surface 


' 240.- Agtoiis Eott. 



l92 CATEEPILLAE PESTJJ, 

caterpillars need quite distinct treatment and cannot be cbecked by the 
same methods as other caterpillars. 

The principal precaution against them lies in clean cultiva- 
tion, which includes putting all waste lands, boundary strips, etc., 
in good grass; large areas of weeds and low vegetation promote 
cut-worms, affording a breeding place from which the caterpillars or 
moths come. 

When the caterpillars attack a crop, heaps of any green vegetation 
should be placed in the field to attract them. This is not only neces- 
sary to supply them with some other food than the delicate young plants, 
but large numbers will be trapped in this way and can be collected daily 
and put into water. 

The use of poisoned baits of bran or bhusa and arseniate is a remedy in 

use elsewhere; it will prob- 
ably be found suitable and 
has given good results on an 
experimental scale of 5 acres 
(see page 287). 

When the cultivators are 
familiar with the habits of 
the pest, they are able to 
destroy it by searching daily 
for the holes of the cater- 
pillars, betrayed by the 
green leaves of the food 
taken in the night to the 
burrow. This is the sim- 
plest remedy and one that, 
energetically applied, averts 

tobacco crops. 

When possible, irrigation brings up the caterpillars and in bad cases 
would clear the field ; simply flooding the field once is sufficient to bring 
up all the caterpillars in the soil when they may be destroyed or they may 
be left to the mynas to eat. It is stated that the caterpillars, when on 
their nightly prowls in search of plants, can be trapped in smooth holes 
made in the soil with a pointed stick; the stick is rotated till a neat hole 
with smooth sides is produced ; a caterpillar falling in cannot get out and 
is killed next day. 

The outbreaks of surface caterpillars which take place after the cold 
weather are preceded by the emergence of the moths, a phenomenon at 
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once recognised by anyone familiar with the moths ; the moths 
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Moth of JBehar Hairy Caterpillar. 


come to light and are found in 
houses at night. The species ^ 
figured (fig. SI 6) comes out in vast 
numbers in February or March, 
flying in the dusk; other species 
do the same, and an observer fami- 
liar with the moths will recognise 
them and expect a later attack of 
caterpillars. 


Hairy Caterpillars. 


In many parts of India, large numbers of hairy caterpillars appear 
at certain seasons and either destroy special 
crops or move from field to field attacking 
almost any crop. These pests appear when 
conditions are favourable to the emergence of 
large numbers of the parent moths which 
lay eggs on crops or on wild plants; if the 
eggs are abundant, the caterpillars ravage the 
crops or, after eating their wild food-plants, 
move into crops and devour them. 

Apparently particular species are destruc- 
tive in distinct areas ; the hairy caterpillars of 
Guzerat are distinct from those of Behar and 
Oudh, and from those found in Madras. Their 
time of appearance varies with climatic con- Moth of Behar Ha/iry Caters 
ditions, but is largely confined to the rains. In pdlar. 
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Jwte Hairy Caterpilla/r. {Maynified twice.) 


Guzerat, they appear 
chiefly in the early 
weeks of the rains; 
the moths hatch out 
in abundance with 
the first rains, lay 
eggs, and the cater- 
pillars hatch and feed 
on the young crops. 


In Behar, one brood succeeds another from the end of the cold weather, 
and this will occur when the conditions are favourable. The life history 


^ dyroiu flammatra. (Koctuidaj.) 
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of these caterpillars is similar to tliat of the preceding* caterpillars. Tlie 
moths lay eggs in clusters on their food-plants^ the eggs hatching in a few 
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Moth of Jute Eairy Caieryillar. (MayniJiGd twice,) 


days as a rule. The caterpillars feed for two to four weeks and become 
chrysalides in a cocoon in the ground or liidden away under stones, etc, ; 
the moth emerges in five to ten days and again lays eggs. The whole 
period from egg to egg is four to six weeks, so that several broods succeed 
one another so long as conditions are favourable. 

The caterpillars are very characteristic in appearance ; they are long, 
usually of a black and yellow colour, with hairs covering the whole body. 
When the caterpillar pupates, the hairs are used with the silk to prepare 
the cocoon. 

The moths are distinct 
in appearance from the 
moths of other injurious 
caterpillars ; most are 
brightly coloured, red, 
orange or white with black 
markings, or dots. 

Less than ten species^ 
seem to be common in 
different parts of India, 
attacking a variety of 

' There are four principal species iu India — 

233. Amsaeta mooreL W. Madras. 

231. Amsaeta lineola. P. ^ 

220. Amsjcta lactinea. Gt. } 

J.36. Eiacrisia Wlk, Behar and Oi|.dhf 
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Moth of Gujarat Eairy Caterpillar* 
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plants. Groundnut and sann hemp are the usual food-plants^ but when 
the caterpillars are abundant, they will attack indigo, castor, til, cotton, 
jute, tobacco and other crops. The methods of treatment are similar to 

those used against the usual leaf-eat- 
ing caterpillars. In case of a small 
attack the Inightly coloured cater- 
pillars can be readily seen and picked 
0 ^, This is of great importance in 
the case of the first brood, as by des- 
troying that much subsequent loss 
may be saved. 

As the caterpillars become chrys- 
alides near the surface of the ground, 
light cultivation does good, if carried 
out when the caterpillars disappear 
from the plants. In this and in 
other cases of caterpillar attacks, 
PiGi-. 223. much depends upon what weeds are 

Orange Sann Moth. growing near the fields j if certain 

leguminous weeds grow in the jungle or in the waste lands near the 
fields, the moths are likely to be present and to lay eggs on them ; should 
the caterpillars be abundant, they will enter the crops after eating the 
weeds (see also page 192-). 

The radical treatment is, as in other cases, to apply a poison such 
as lead arseniate, dusting or spraying it on the plants in powder mixed 
with lime or dust. As these caterpillars occur chiefly upon field crops, 
this method is as yet beyond 
the reach of the cultivator. 

It is far better to anticipate 
the caterpillars and collect them 
on their wild food-plants before 
they attack the crops; they Fig. 224 

appear as a rule only at definite SannSem^. 

times, and a search through any lands growing weeds will probably 
reveal them and show what their wild food-plants are. The caterpillars 
must then be collected and destroyed ; in places where such caterpillars 
come often, a watch should be kept particularly for the first brood which 
must be destroyed on its wild food-plants before it attacks the crops, 






CHAPTER XVL 

BEETLE PESTS. 

B eetles form tlie ]ai’g‘est and most varied group of insects including 
many distinctive species. As they live concealed, their larv9e are 
so seldom found that far less is known of them than, for instance, of 
caterpillars. They are also far more difficult to distinguish specifically. 
It is, therefore, necessary to discuss groups rather than individual 
species, Increased knowledge will show that beetles are far more 
destructive than is generally known; especially will this be so in the 
weevils whose larvjB are almost wholly herbivorous but live lives of 
such concealment that we are still ignorant of the life histories of onr 
commonest species. Beetle grubs are notoriously hard to rear and 
cannot he identified until they are reared. Any observer who is so 
fortunate as to rear one should put the facts on record, for such inquiry 
is most needed. 

Cockchafer Beetles. 

These beetles appear in large numbers at regular seasons of the year, 
flying by night and feeding upon 
leaves. They are ronnd, tliickset 
insects, nsnally hard, not more than 
half an inch long, and most easily 
recognised hy the peculiar knob at the 
end of the antennae (see fig. 2-S6). 
Their colour is generally brown, black 
or some sombre tint, but some are 
very bright metallic green, others a 
vivid red brown with white spots. All 
have the same build, the same antenua 3 
and the same heavy droning flight. 

Cockchafers are not often reported 
as injurious insects, but do far more 
harm than is generally known. They 
are destructive at two periods in 
their life' — ^below ground as the larva, 
above ground as the imago. The 
larva is a white grub, with large 
brown head, a much wrinkled white body curved in a half circle and 



Fig. 225. 

CocTcohafer Seetle, 
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fclii'ee pairs of legs. It may be found almost anywhere by digging in 
the soil, and the larger specimens have a peculiarly large terminal seg- 
ment of a livid grey colour. This 
grub lives among the roots of 
plants, a few inches below the 
surface of the soil. Its food is 
probably entirely vegetable, con- 
sisting of the roots of grasses and 
other plants ; hot dry weather 
sends the grubs down further from 
the surface, wet weather brings 
them up. The life occupies several 
months, probably nearly nine j the 
full-fed grub makes a smooth 
earthen case, curls up inside and 
transforms to the pupa. Nearly 
a year after the parent kid the 
eggs, the beetle comes out, pushing 
open the mud case, forcing its way 
up through the soil till it emerges 
to the light. It distends the air 
sacs in the body and flies away. 

Each species emerges annually at 
the proper season depending upon the climate, so that we find large 
numbers of a species coming out about the same time. They lie 

hidden in the day and in the 
evening fly out, to seek a suit- 
able plant on which to feed. On 
such plants they gather in num- 
bers, eating the tissue of the 
leaves till the whole plant is 
stripped, only the skeleton of the 
leaf being left. The beetles 
mate, and lay eggs in the soil, 
after which they die. The whole 
period may occupy one year or 
more and probably one or two 
years are required by most Indian 
s]3eei€s. 

Damage is done by the larvae to the roots of plants, especially in very wet 
weather when the grubs come up near the surface. Crops axe occasionally 



Ero. 227. 

CocTccliafer larva. {Twice magnified^) 



Fig. 226. 

Coclcliafer Beetle. 

Larva on the left. Bii$a on the right. 
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attacked, bajra [Fennuehm typloidenm) and otlier millets especially; 
there are also many cases of injury to garden plants 
and vegetable crops, the grubs living for choice in 
highly manured soil. Nurseries and especially man- 
ured plots are usually full of the grubs, which may 
hatch from eggs laid there by the beetles, or may be 
put in with the manure if farmyard manure is used. 

These grubs are difficult to destroy; where it is 
possible, cultivation turns them out when birds then 
eat them readily ; flooding brings them up nearer the 
surface where they can be more readily turned out, but 
never actually kills them or 
exposes them. In hot 
weather, anything that 
tends to diy and heat the 
surface soil drives the grubs down below the 
surface roots. Artificial manure such as kainit, 
saltpetre, etc., can sometimes be used sparingly to 
drive them down and a dressing of soot has much 
the same effect. This is the only thing possible 
when grass lawns are affected, though a liberal 
watering with soapy water may do good. 

The beetles destroy plants in a more evident manner, coming out 
at night in large numbers and stripping the plants, This is somewhat 




Fm. 228 . 
Coclolafer larm. 



Cockchafer Beetles eai{%g a leaf. 
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rare in tlie plains but more common in tlie hillsj wliere tlie beetles are more 
abundant, Cockcliafers thrive best in the long open stretches of grass land^ 
and though found throughout the 
plains; rarely come in large numbers. 

The time of emergence depends upon 
climatic conditions and is usually 
regular. A species that emerges at 
the commencement of the rains does 
so always; whatever the date of the 
rains. It is accordingly possible to 
expect these insects at regular 
seasons; as at the beginning of the 
rainS; and to take measures accord- 
ingly. In fruit gardens; certain 
plants are especially attacked and 
these must be protected. Only ex- 
perience can tell which plant will be 
attacked in any locality as the species 
have differing habits. As a rule it 
is useless to spray plants with lead 
arseniate, as the beetles feed and 
poison themselves but still strip the plants. Spraying with weak contact 
poison is better as it makes the plants distasteful but the effect does not 
last. The best and only real method is to use the light trap; an arrange- 
ment of a lantern; two reflectors and a pan of jaggery or kerosene and 
water. "Where measures are required on a larger scab; fires are useful, 

Fortunately the beetles do 
not fly for many nightsand 
fires are not required for 
long j this is practically the 
only method of protecting 
crops. 

Cultivation of waste 
lands; together with proper 
cultivation of arable land; 
are radical cures for such 
pests. The occurrence of 
cockchafers in destructive 
numbers depends largely upon the extent of uncultivated land and may 
he looked for in perhaps every other season in places where the conditions 
for increase are suitable. Where the soil is ploughed or deeply cultivated 






Fig. 231 . 

A CocJcchafer Beetle, 
(Magnified four times.) 
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only once a year and this coincides witli tlie time of fliglit of the beetles^ 
the larvae and pupae remain undisturbed in 
the soil for the whole of their lives and 
are never turned out for the birds to eat. 

A special form of injury to the crops 
occurs when the ripening period of the 
millets coincides with the period of emer- 
gence of cockchafers | the latter then feed 
upon the soft grain^ settling on the ears of 
bajri or other millets at night. The 
attack lasts for a short time but is very 
serious, the actual grain being destroyed 
in a wholesale manner. This form of 
injury is not uncommon in the plains. 
Very little can be done to check such 
attacks ; fires of green stuf should be lit 
Fig. 233. round the fields, and the beetles should be 

^ei Beetle. {Magnified^ disturbed by dragging a rope or long cloth 



through the field so as to brush the ears. 

The essential thing is to disturb the beetles 
as they will not live long and, if they are 
prevented from feeding for a few nights, the 
grain will be secure. 

Another special form of injury to flower- 
ing plants in the hills is caused by very 
small cockchafers, which emerge from the soil 
in vast numbers and feed on white flowers 
such as roses, spirseas, etc. These feed by 
day and are attracted to anything white, or 
light coloured. They can be trapped on a 
white sheet or by hanging up a white cloth 
over a large pau of kerosene and water ; the 
beetles that collect must he periodically gathered JBeetle. 

or shaken into the pan. {Magnified.) 



Leaf-eating Beetles. 

A large cdass of Cokoptera feed upon the leaves of plants in a manner 
Similar to caterpillars. These beetles eat the tissues of leaves, either 
making holes in them or completely stripping the plants. The greater 
number feed upon wild plants, specially in the hills. A few have become 
pests in the plains and are abundant in the crops. 
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The life histories of these insects are 
The beetles alone do harm to plants^ 
and it is not yet known where they lay 
eggs or where the larvae feed. The Hice 
Hi spa is an exception; its life history 
being described separately (page 114;). 

There are a few well marked and fairly 
common species which may be recognized 
by almost any one from the figures 
given here; and there are a number 
of others which are likely to be found 
more rarely in particular localities. The 
Red Pumpkin Beetle^ is an orange red 
beetle; not more than one quarter of 
an inch in length; which is found com- 
monly attacking melonS; gourdS; cucum- 
bers; and other cucurbitaceous plants. 

It is not limited to these plants; but is 
a common pest in gardens and in small 
patches of irrigated lands. The ordinary field crops are rarely attacked. 


for the most part unknown. 



Eig. 235. 

The Rice LepUspa. 



Fig. 236. 

A Tortoise Beetle’^ eggs (lower left figure) ; loi’pa (middle roio) ; pupa (upper right and 
' middle) and "beetle. 

^ 11. Aulacophora foveioolUs. Kiist, (CBrysoiiielidse.) 
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With it is a very similar beetle ^ ditoing only in having the wing 
covers black instead of orange. 

A smaller blue beetle ^ (fig. 235), 
very flat^ with parallel sides and no 
spineS; is found on the rice with the 
Eiee Hispa; and is also found upon 
sugarcane. The life history is not 
knowUj but is probably similar to 
that of the Eice Hispa^ to which it 
is closely related. Sweet potatoes 
are infested by a small golden 
tortoise beetle (fig. 236), whose flat 
green grabs feed on the leaf and 
carry their excrement over their backs 
on a special moveable process. The 
whole life history is passed on this 
plant as on other Conmlvulacecs, but 
the insects are rarely abundant and 
do no harm. The White Weevil is a 
small beetle^ with the head pro- 
duced in front into a short beak 
(fig. 237) ; it feeds upon cotton leaves 

principally and is commonly found upon the 
plant. If the plant is shaken the weevils 
fall to the ground and lie motionless, sham- 
ming death. If it were a pest, this habit 
could be made use of to destroy the beetle, 
but no case is yet on record of this insect 
being sufficiently abundant to cause harm. 

A similar but larger beetle ^ is common 
on indigo j it has a glistening green appear- 
ance, is larger than the White Weevil 
and is sometimes found with it on cotton 
(fig. 238). A few other weevils have 
been recorded as feeding npon different 
plants 5 such weevils are common among 
wild plants, and are rarely found upon 
Green Weevil {Mapijed) eultivated plants. The simplest treatment 

^ 125. AuJacophora excavata. Baly. (ClnysomelidsB.) 

^ lepUspaf^gmtBa. Baly. (ClirysomelidEO.) 

® 6. Mgllncems macwlosus, des B. (CurculionidEe.) 

* 188 . Astyc%$ lateralis, Baltir. (Curculionidee.) 
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IS to shake them o:ff into an open inverted nmbrella or a kerosene tin ; 
where they persistently attack valuable plants in gardens, a dose of lead 
arseniate sprayed upon the plants is sufficient to Idll them. The ordinary 
simple butterfly net is a handy weapon against all such beetles; it is 
described in the appendix and a few boys with nets can work havoc among 
beetles on garden plants. 


Flea Beetles. 

Fleas are those small active insects which infest human beings and 
domestic animals, and are characterised by 
great leaping powers. 

Flea beetles have similar leaping powers, 
are nearly as small but live on the leaves of 
plants. They are very small insects, usually 
less than one-eighth of an inch long with 
the shining appearance of the usual beetle 
and coloured steel-blue or brown. They 
bite small holes in the leaves they infest, 
giving a very characteristic spotted effect 
which is quite clearly recognisable. The 
spotted leaves betray them, and a plant 
with such leaves is almost sure to be in- 
fested even if the beetles cannot at first 
sight be seen. These active beetles are 
difficult to catch. 

The life history of no flea beetle has been worked out in India. In 
general their larvae are leaf-miners tunneling in the tissue of the leaf 
between the upper and lower epidermis. The larva thus lives inside the 
plant, the imago outside. Others are miners in the stem or some other 
portion of the plants. These mines are seen as lines or blotches on the 
leaf, but as they are produced by many other insects beside flea beetle 
larvae, care must be taken in rearing them. 

Few species are destructive in India and little is known about 
them. They are found as occasional pests, but not doing injury to 
important crops. One species attacks wheat and is common on irrigated 
wheat plots in experiment farms. Another attacks mustard crops but is 
not really injurious. San hemp is eaten by a brown and black species 
which appears in abundance in the rains. Trinjal is liable to attack, as 
also are indigo, vegetable crops, etc. Eice in Burma is attacked by 
another species (fig. ^39), and there are doubtless many yet to be found. 



Fia. 239. 

Mce Flea Beetle. {Magnified) 
On tie riglt He hind leg to shoxo 
He immense thigh that cha' 
racterises these beetles. 
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In general tlie presence of these insects may be disregarded unless 
they come in extraordinary numbers or are infesting small plots of ‘valu- 
able experimental crops. No treatment will affect the larvae if they are 
in the plants. Spraying with lead arseniate poisons the beetles ; Bor- 
deaux mixture is a specific for these beetles when properly prepared 
and sprayed on the plants. The bag is a useful mechanical method on 
wheat or rice and its effect is enhanced by oiling the inside of the bag 
with kerosene or heavy oil. 


Epilachna Beetles. 

On brinjal [Solamm melongena)j turia {Luffa acutaugida), dudhi 
{Lagemria vulgaru) and other eucurbitaceous 
plants, and on many wild plants, one finds 
small round beetles shaped like a half pea, of 
a dull red colour with black spots. They feed 
upon the leaves, taking a series of bites off the 
epidermis and producing a very characteristic 
stippled appearance : with them are often their 
larvse-, small oval grubs, yellow and very spiny. 

These beetles belong to the true lady-bird 
beetles which normally eat plant-lice, mealy 
bugs and scale insects ; the epilaehnas alone 
are herbivorous both as larva and imago. 

The life history is similar to that of the rest of the family ; the eggs 
are cigar-shaped, yellow, laid in clusters, each egg on end side by side. 
Mr. Haymann found that one beetle laid 280 eggs. 

The eggs hatch in about five days, the young feeding at once upon the 
epidermis of the leaf. When full grown the larvse are one-quarter of an 
inch long, flattened and oval covered with short spines. They cling tightly 
to the leaf and move slowly. They live from three to four weeks, and 
pupate on the leaf, the pupa being attached by the tail. The larval skin 
is not completely thrown off j after four to six days the imago emerges. 

These insects are most abundant from July to November, there 
being several broods during that time. The beetles live through the 
cold weather and emerge about March, when they often couple and lay 
eggs if a food-plant is available. 

As in all beetles of this family, they can live for long periods until 
fresh food is available. They are injurious simply by destroying the 
leaves, and under favourable circumstances become abundant. Garden 
crops are injured, field crops practically never. In gardens the simplest 



Fig. 240. 
JEpilctohna JBeetle 
On the right the antenna, on 
the left the leg. 
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way is to destroy tlie beetles by band-picking, an easy matter wben they 
are few. Tbe danger is that useful lady-bird beetles may be collected by 
mistake, but if the yellow spiny grubs are found, as well as the beetles, it 
is fairly safe to destroy them. To any one who lias seen both kinds of 
beetles, there is no difficulty in discriminating the epilachnas. In serious 
cases, a spray of lead arseniate is a radical cure and this will destroy only 
the epilachnas, the beneficial beetles not eating the poisoned leaves. 


Blister Beetles. 

The beetles figured here are probably familiar to every one who 
observes insect life in the plains ; they represent 
the most common species of this group in India. 
Blister beetles are characterised by having a 
somewhat soft integument, a distinct neck 
between head and thorax, and elytra which do 
not fit tightly to the side of the abdomen but 
look as if they belonged to some other insect. 
On handling them, an acrid yellow liquid 
exudes from the joints of the legs. They are 
moderately large insects with good powers of flight and may be found by 
day in flowers or on tbe ground. These insects appear in August, 
September and October and feed upon the flowers of plants ; exceptionally 
they feed upon the leaves of plants, one species emerging in the lower 
hills in vast numbers in May and eating certain weeds. Three species 
are prominent in the plains, recognisable by their colouring. The Banded 
Blister Beetle ^ is black with variable bands 
of orange across the elytra; the size and 
colouring are very variable, orange or black 
predominating. This species is common 
throughout the plains and fields from August 
to November or later. It appears in large 
flights, settling in gardens and destroying 
the flowers of pumpkins, cucumbers, Imelons, 
hibiscus, cotton and other large-flowered 
plants. It is slow in flight and easily cap- 
tured by hand or with a small net. The 
Green Blister Beetle ^ is a smaller slender insect, the elytra a vivid green, 
the neck reddish. It is associated with the Brown Blister Beetle,^ a 

^ 50. Mylabris pmtulata. Fabr. (Cantharidae.) 

^ 40. Cantharis ienuicollU, Pall. (CantLaridse,) 

00. Ca^tliaHs rQuspi, Cast. (Cautbgiridse,) 



Pig. 242. 

Orame Banded Blister Beetle. 



Pig. 241. 

Orange Banded Blister Beetle. 
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beetle similar in shape hut of a dull brown colour. These two damage a 
variety of crops^ including sorghum, rice, kutki {Panicum milmre), bajra 
[Pennisetum typlmdeum)^ etc., by destroying 
the flowers; large numbers emerge as these 
crops flower and settle on ihe head, biting the 
anthers and stigmas so tliat seed is not 
formed. 

This results in a large or total loss of 
grain. The attack is very sudden, and 
requires to be checked at once. The insects 
feed principally in the morning, hiding in the 
earth or on the plants during the hot part of 
the day; they remain only a few days and 
again disappear. This form of damage is by 
far the most important caused by these beetles 
and is observed or reported yearly in some dis- 
tricts of India. 

No other species are known to be destruc- 
tive in India although others will probably be 
found to be so. Several blue species are common in the plains but perhaps 
appear at a time when no crops are in flower. 

The life history of these beetles is unknown, but there is scanty 
evidence that it will prove to be similar to that of European and Ameri- 
can species. The eggs of two Indian species are laid in large masses 
on the soil and active grubs hatch which run about the surface, The 
life histories of those worked out elsewhere are of extreme interest, 
being passed in the nests of bees or wasps, or in the egg masses of locusts. 
The active larva that hatches from the egg attaches itself to a bee 
and is carried to its nest, or seeks out the egg mass of a locust. In aU 
cases known the larval life is a semi-parasitic 
one, and there is a curious metamorphosis in 
the larval life, the larva assuming two or more 
distinct forms at successive periods. 

Blister beetles are useful in medicine, the 
oil of certain species having the power of blis- 
tering the human skin. The extract of the 
dried beetle is used for this purpose. In India 
these beetles are used in a somewhat similar manner. In Baluchistan, 
for instance, the Gojak " beetle ^ is soaked in milk and the fluid poured 
on the bald spots to cure mange (R. Hughes-Buller). When the beetles 
1 (Jloseljjr allied to M^la 
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attack crops, vigorous measures must be taken at once to drive tliem out. 
Hand-collecting is laborious ; active boys -witb liand- 
nets will catcli far more, and a simple liand-net of 
bamboos and muslin is easy to make (figs. C and D, 
page a89)t 

Fires covered with green materials are useful 
if the smoke hangs in the crops and the air is still, 

In the case of low crops such as rice, the useful 
bag can be run through (quickly, and where they 
are taller, a rope or a strip of cloth can be fi5:ed to 
two bamboos and pulled over the ears; vigorous 
measures to worry the insects in the morning are 
all that is required and in a few days the seed is set 
and the beetles disappear. In gardens, the banded beetle destroys 
flowers j there is no remedy available but to collect them by hand or with 
the net, -which is not difficult as the flights of beetles soon pass away. 
Collected beetles are easily killed in hot water or in water with a film of 
kerosene over it. 

Palm Beetles. 

Two beetles, of distinct habits and appearance, attack palms, including 

the toddy, 'palmyra and cocoa- 
nut-palm. Each is destructive 
in a distinct manner and both 
are found widely spread over 
the plains of India. The two 
cannot be confused in their 
appearance or their work. 

The Rhinoceros Beetle^ is 
a large thick-set black beetle, 
somewhat over two inches 
long and one inch broad j its 
appearance is best realised from 
the figure. 

This insect flies at night, 
coming into houses attracted 
by lights. It feeds upon the 
soft tissues of the palms, 
attacking the unopened leaf 
The Minoceros Beetle. Or the base of the fruiting 




Fig. 24.5. 

Brown Blister Beetle, 


^ |.26, Ovyetes rhinooefos. L. (Scarabseidse.) 
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stem and eating* its way into the soft heart of the plant. In so doing 
it injures the rolled up new leaves^ which show signs of its work when 
they opeiij and wounds the tree. In itself it does little harm and in 
Ceylon is kept in check hy extraction from the tree with a stiff wire. 
Mr. P. Ih Haig has reported that in Kanara this beetle kills the 
cocoaiiut-trees occasionally and that an attacked tree yields no toddy. 

Its life history is known to the toddy-tappers^ who find its grub in 
dung heaps and in decaying vegetable matter. The grub is an immense 
soft white larva; leg- 
less and of a most 
striking appearance ; 
it is quite common 
in dung heaps and 
decomposing vegeta- 
tion. The beetle 
really does injury by 
attracting the more 
serious enemy to the 
palm tree, the Ped 
Weevil. This insect 
comes to trees wounded 
by the Rhinoceros 
Beetle and lays eggs 
in the wound. For 
this reason it is de- 
sirable to cheek the 
beetle by the de- 
struction of its young 
and by capturing it 
on the attacked trees. 

The Red Weevil ^ is a more slender insect, of a red-hrowm colour, 
with a conspicuous curved snout, about one and a half inches long. Its 
life history is as follows. The weevil lays eggs singly in the tissues of 
the palm-tree hy means of her long ovipositor ; these eggs are deposited 
in the wounds made by the Rhinoceros Beetle, in cuts made by tapping, 
in cracks or at the base of the leaf stalk ; in fact wherever in the tree 
the weevil s ovipositor reaches the tender tissues, she lays eggs. In 
Ceylon it is said that the eggs are laid only in trees that have reached 
the fruiting period, but this is not yet certain. The grubs that hatch 
tunnel in the soft tissu es, feeding on them and gradually working down 
^ J41. Rh^ncho^horfs si^naiicol^is, Chevr, (Cur^julionid^-J 



I’lG. 247. 

Falm WeevU. JBelowi the Cocoon. 
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into tlie stem ; a large number of eggs are laid in each plant and sooner 
or later the plant probably dies. The grubs when full fed prepare a 
cocoon of the twisted fibres of the stem ; how the grub in the seclusion of 
the stem is able to prepare this cocoon is one of the marvellous things 
in the life of this insect. The beetle presently emerges from this cocoon 
and comes out of the tree. 

The life history in this ease probably occupies one year but has not 
been ascertained in India. The insect is destructive to eocoanut palm 
in Ceylon and the Straits Settlements; another species is injurious to 
palms in Honduras and the West Indies in the same way. A great 
deal has been written about these insects in these countries, where they 
are far more important than in India. In Ceylon legislation is proposed 
against them, the law compelling every owner of trees to take certain 
measures against the weevils. 

All remedies are directed to two ends, to prevent egg-laying in the 
palm-trees, to destroy all weevils that breed. For the first, the Rhinoceros 
Beetle must also be destroyed, and in Ceylon this is done. Secondly, the 
cuts made by tappers must be so treated that the weevils cannot lay 
their eggs there ; this is effected in Gujarat by smearing the cut with 
the juice of Euj^JiofUa nenifolia, Blandford suggested a mixture of tar 
and sand for the Honduras weevil, and it is likely that, if available, tar 
would do equally well in India. As it is, clay must be used or any other 
substance which the tapper can obtain and which will keep the weevil 
from the cut. This treatment must include other cuts and wounds, in 
fact all openings at which the weevil could lay eggs. 

To destroy the weevils it is necessary to burn badly attacked trees, 
and the legislation in Ceylon is designed to make this compulsory. A 
tree that is infested and dies is a source of danger to all, since the weevils 
that are in it come ont and infest other trees. Where trees are only 
lightly attacked and the attack is seen in time, the grubs are cut out 
and the wound treated with tar and mud. Mr. Green in Ceylon has 
got better results by treating attacked trees with carbon bisulphide, and 
this is deserving of trial in India. 



chapter XVII. 

LOCUSTS, GRASSHOPPERS, SURFACE BEETLES, AND 
BURROWING INSECTS. 

L ocusts are probably tlie most familiar pssfcs discussed in this 
volume, and are here treated with the grasshoppers and other orthop* 
terons insects to which they are allied. Locusts do no great aggregate harm 
compared with the attention they attract, though the sight of fields 
stripped by a locust swarm is very impressive. If money values could 
he ascertained, any one of the major pests probably does more aggregate 
damage, working constantly, scattered over all India, but not laying 
waste a tract in the thorough manner of the locust. 



Fiu. 248. 

A Common Grassho^pef, 
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Surface grasshoppers, wliidi do a great amount of harm in India,, 
arc here separated from the ordinary grasshoppers and discussed as a 
distinct class of pest (page 220). 

Grasshoppers. 

Among the most common insects are the grasshoppers, active insects 
which live in fields and jungles, leaping and flying readily when disturbed. 
They are recognisable most easily by the very large hind legs, with which 
they leap. The body is hard, not hairy or covered with scales ; the wings 
project beyond the end of the abdomen and are often coloured, the antenna 
are quite short. 

Grasshoppers and locusts together make up one family of insects* 
It is generally supposed that any large grasshopper is a locust and this 
word is commonly used without a clear idea of its true meaning. When 
an insect belonging to the family called grasshoppers becomes exceedingly 
numerous and forms large swarms, which migrate from place to place> it 
is called a locust. 

There is no difference in structure between locusts and grasshoppers ; 
the distinguishing feature of the locust being that, when very abundantj 
all collect together into swarms and move from place to place. 

There are many large grasshoppers in India which never form into 
swarms and migrate ; only two true locusts are known in India^ and thes^ 
are almost identical with the large grasshoppers (pages 212‘-14). 

Grasshoppers occur throughout India in the plains, and in the hills 
up to the snows. Many species live in the forests, others in grass lands, 
a few in the crops and cultivated land. The life history of all is iiot 
known in detail, but all have similar habits. The female lays eggs in the 
ground, depositing them in a compact cluster. The young that hatch are 
very small, active insects which resemble the full grown insects iti general 
appearance. They have no wings when first hatched, which appear only 
after there have been several moults and the insect is half growin As iii 
all insects the wings are fully developed with the last moiilti It must 
be remembered that any grasshopper, however small, that has fully 
developed wings and can fly, is full grown and can grow no furthei’i 
The number of moults varies with different species, from five to seven or, 
exceptionally, eight. 

The wings appear after the third moult as very small lobes on th^ 
Second and third thoracic segments, growing larger at each moult. The 
colouring of the young grasshopper is coinmoilly distinct from that of 
the full grown insect and may change at least twice during nymphal 
life. This is due to the changed environment df the insects at different 
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periods or even to the changing colour o£ the vegetation as the season 
advances. 

In general the young are coloured green to accord with the green 
vegetation in which they live, and the adults in greys, browns, and neutral 
tints which blend with the light and shade of the drier grass or vegetation 
in which they live. In no group of insects is this form of protective 
colouring so universal or so beautifully shown. Earely they are strikingly 
coloured and exhibit warning colouration^^ in conjunction with unpleas- 
ant taste. So far as is known grasshoppers are exclusively herbivorous. 
The period of the life history varies greatly and only a few species have 
been worked out. Some hibernate as eggs, others as perfect insects, and 
there may be one, two or several broods in the year. 

The two locusts and the Rice Grasshopper are dealt with separately 
(pages £14 and 119) j a separate section is also devoted to the ground 
grasshoppers which injure crops in a special manner. Eew other grass- 
hoppers are known to be destructive, though a number of species have 
been sent in as pests or as locusts. 

The Painted Grasshopper^ is a large species coloured in blue and 
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yellow when full grown, found abundantly on the akh plant (Calotrojm 
5j3j5.). Its young are coloured yellow with black stipples and red spots, 
exhibiting warning colouration as do the parents. The Black-spotted 
Grasshopper^ is a large species coloured in black, brown and white, which 
lives in the crops and feeds specially upon cotton. The young (fig. £51) 
are green with a pink stripe at the posterior edge of the thorax ; this 
species is found at all seasons of the year, having no regular broods. 

^Toecilocera picta, F. (Acridiidse.) ] *49. Acridium aemginomm. Btirm* (Acridudsfe.) 
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It is constantly confused with the Bombay Locust which it closely 
resembles, 
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T'he\!Blac'k‘s;poUedr Qrasshopfer, 

Another large species very common in the plains is the Snonted 
Grasshopper ; ^ a long slender grasshopper characterised by the sharp 



Young of Mack^spoited GrassTioppet. Colour green, Mrsi, second and penultimate 
stages shown. 
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head aud flat aiiteiiiiDe. It is green or coloured in a beautiful combina- 
tion of browns wliieli malce up a general ^ dry grass colour.^ There are 
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a large number of smaller forms common in the plains and still more in 
the hills. None can be reckoned to be specific pests of special crops. 

The principal safeguard against grasshoppers is clean cultivation; 
fallow lands should not bear a crop of weeds and waste lands should 
grow good grass. Waste strips between fields are a constant danger 
unless fed down or planted with one variety of grass. When grass- 
hoppers appear in numbers in crops, an attempt should be made to trace 
them to their breeding place, which is probably waste land near by. 

Locusts. 

Two species of ‘ grasshopper^ come within our definition of 
locusts, that is, grasshoppers that form swarms and migrate. These 
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The Migratory Locust. 


are the Migratory or North-West Locust 1 and the Bombay Locust.® 


' 06. 4'Oridiwm ^eregrinum. Oliv. (AqridiidaB.) | ® 46. Acridnni snccincUm. L. (AcridiiclJB.) 
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other species may prove to be locusts but have not migrated in swarms 
in recent years. 

These two species are constantly confused^ not only with each 
other, but with such insects as the Black-spotted Grasshopper and other 
large grasshoppers. Both are over two inches in length and half an 
inch across the thorax ; this eliminates all but a few insects in India. 
Green does not enter into the colour scheme of either. The North- 
West Locust is a uniform purple red or yellow with no stripes, with 
wings uniformly spotted from base to apex and with indented lines 
round the prothorax. The Bombay Locust has streaks of colour on the 
prothorax and wings, very faint indented lines and is very variable 
in colour. It can be at once distinguished from the North-West Locust 



by its stripes and by the absence of indented lines. It will, however, be 
confused with the Black-spotted Grasshoppjer which is of robuster build, 
conspicuously blotched in black and white, with a large white blotch on 
the side of the prothorax ; the latter never varies in colour. 

The figures above help in distinguishing the species, but owing to 
the colour variation of the Bombay Locust it will always be confused 
with the other species unless actual specimens are examined. 

The North-West LoG%st extends over Baluchistan, North-West 
India, South Afghanistan, Persia, Arabia, Cyprus, and Northern Africa, 
with permanent breeding grounds in widely separated localities in this 
vast area. 

Prom North-West India it extends in a general easterly and south- 
easterly direction over the Punjab, Central India, the northern division 
of the Bombay Presidency into the United Provinces, Bengal, Assam, 
as far south as JMadras, 
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The permanent breeding grounds appear to be in the sand bills of 
Western Rajputana, in Baluchistan, Southern Afghanistan, and Persia; 
from these places swarms fly over Rajpntana into India. This locust 
lays its eggs in sandy places, depositing a single mass containing 
from fifty to one hundred eggs. These hatch in about three weeks and 
the hoppers are at first green, later black. They are said to moult four 
times, but probably do so more often. Maturity is said to be attained in 
from one to two months, after which they form into swarms and fly. 
Within another two to four months they couple and lay eggs, provided 
a suitable spot is found. 

The whole life apparently occupies from five to seven months, and 
there are in India two broods in the year. There is apparently no 
regularity in the periods of egg-laying, which depend upon the amount 
of food available and the local conditions. An insect that migrates over 
vast distances will probably have changed habits in various localities 
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md of the Migratory Locust, 

and be dependent upon climatic conditioi^. Whilst the winged insects 
have the usual habit of flying in swarms, the young form swarms which 
move over the ground and devour all green stuff within reach, In this 
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state the destruction is enormous since the insects strip whatever 
vegetation they encounter. The winged insects may he as destructive^ 
but as a rule their ravagesj being spread over longer distances, are not felt so 
acutely. 

A great deal has been written about the North-West Locust and 
advantage is taken of its peculiar liabits to destroy it wholesale. The 
reader should consult the long article in the Journal of the Bombay 
Natural History So- 
ciety for 1891 (page 

The essential fea- 
tures of this locust 
are that it has per- 
manent breeding 
places in North- 
Western India from 
which it migrates ; 
that it apparently 
breeds twice a year 
and lays its eggs in 
special sandy places, and that the young form swarms which hop from 
place to place. It is possible to destroy the eggs in the permanent 
breeding places or at least to destroy them when they lay eggs in 
accessible places ; it is also possible to destroy the armies of hoppers by 
simple mechanical methods ; these two measures are extensively carried 
out against this locust in Cyprus and Algiers and form the basis of 
methods of cheeking the pest. 

The Bombay locust breeds most extensively near the Western 
G-hats, a line of forest hills bordering the sea from the Thana District 
to Coorg, the chief breeding ground being in the neighbourhood of Goa, 
not in the forest but outside in the open grass lands. It also breeds 
an over the plains of Southern India in suitable places, and is found 
in Assam, Burma, and throughout the whole of Peninsular India. 
Where it becomes abundant, it assumes the characteristics of a locust ; 
elsewhere it is an ordinary grasshopper, forming part of the regular 
plains^ fauna. 

From the Western Ghats it spreads in swarms over Bombay, 
Mysore, parts of Madras, over Hyderabad, the Central Provinces and 
parts of Central India. 

This is exceptional and occurs only rarely. This locust breeds only 
in damp places, laying its eggs in v^et soil i it lays a mass contmning 
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about one linndred eggs (fig. 25), wliicli batch in about six weeks, 
The young are green and complete their development in about two 
months (figs. 27, 28, 257, 258). 

Eggs are laid with the first heavy rains in June or July, and the 
perfect insect emerges in October. Eroni October to June it lives as a 
flying insect ; its colour is at first brown with light stripes, forming the 
^ dry grass ^ colour which is protective to it in the long dry grass in which 
it lives. It then forms swarms and becomes suffused with a vivid red, 
which persists during about four months ; throughout this time it lives in 
immense swarms in the Ghat forests until in April and May it scatters. 
In 19 011 these swarms spread over an immense area and in May broke 
up, single locusts being found scattered throughout this area. This is 
preliminary to coupling, which commences with the rains ; the locust now 
assumes a darker colouring, the red giving place to blacks and browns ; 
this colour scheme hides the insect when sitting on wet grass-land or 
soil where it lays its eggs, 

The life cycle occupies one year, and egg-laying is performed at 
this special season, The young are found scattered through the long 
green grass during the rainy months and do not form swarms. The 
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Tmng Bombay Locust after third moults {Magnified five times.) 


earliest swarms are found in October when, as the grass ripens, the insects 
enter the crops, feed there and then migrate back to the forests. The 
forest region is, therefore, the home of this locust which migrates only to 
breed or when extraordinarily abundant, 
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Tlie damage is caused entirely by the winged locusts, first in the 
ripening kharif crops, later in the hilly districts during the winter 
months. 



Bombay Locust, before tie last moult. {Magnified hoiee.) 

The methods in use against the North-West Locust are here 
impossible owing to the different habits. The eggs are rarely found in 
large numbers and are usually scattered over a large area. The young 
are not found in swarms but scattered in grass-lands. The winged 
insects fly in swarms for several months and live for eight months in all. 
The measures actually adopted against this locust included the destruc- 
tion of the hoppers by means of bags and cloths, the destruction of 
swarms at night during the cold weather, the destruction of eouphng 
locusts by hand and the collection of eggs, all under the inducement of 
rewards paid for the amount collected. The Bombay Locust appears to 
have emerged in immense swarms in 1888-84i and in 1903-04. A full 
account of the latter outbreak has been published separately. 

Locusts in India, as elsewhere, are attacked by parasites and 
enemies. The winged individuals are infested by the young of a large 
red mite^ and are parasitised by at least one and possibly more species 
of parasitic flies.® The eggs are parasitised by an ichneumon and a 
fly, are eaten by grubs and are infested with a peculiar worm. Crows 

' 17. LrombUium granMssimum. 
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eat locusts and destroy tlieir eggs and the ^rosy pastor'’ or jimi bird is 
supposed to destroy a large number of winged locusts. 

It is probable that other species of grasshoppers will be found to 

form swarms and behave as 
locusts under exceptional 
circumstances, but no 
species are known to do 
so at present in India, 
There has been great 
confusion on this point 
owing to the difficulty 
of identifpng insects 
believed to be locusts. It 
is probably correct to say 
Pio-. 259. that; except in the case of 

My ^afaBiticu^onUmHU, SWarms, no 

insect except the two discussed above can be regarded as a true locust in 
India, 

Surface Beetles and Grasshoppers. 

A number of insects confine their attacks to young plants just out of 
the soil; destroying the germinating plants as they push above the 
surface and preventing the crops from becoming established. These 
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fwtasmc on JEg^s of the North-West LocmU {Magnified^ 
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pests are of very general occurrence throughout India both in field and 
garden crops. They form a clearly defined group of pests, including 

insects of widely separ- 
ated affinities, but 
united by their peculiar 
habits and methods of 
feeding. 

All are adapted to 
living on the surface 
of the soil ; most are of 
the dull brown colour of 
the freshly ploughed 
earth and are difficult 
to find when at rest on 
the surface : they in- 
clude the surface beetles, small earth-coloured weevils, not exceeding one 
quarter of an inch in length, similar to the species figured here : also the 
surface grasshoppers, which are either flattened, with a rough upper 
surface and exactly earth-coloured, or they are similar to the common 
grasshoppers but coloured in brown so as to escape notice on the soil. 

The beetles live on the soil, hiding in cracks, under stones and in 
burrows; they emerge daily and feed 
on the young plants, being very abund- 
ant at the time when the kharif or 
rabi crops are sown. Their life histories 
are unknown, the grubs being probably 
borers in wild plants. The grasshop- 
pers are similar in their life histories to 
others of this group; they lay eggs in 
the soil, from which the little hoppers 
hatch; the whole life is passed in the 
fields and under favourable circum- 
stances they become very abundant. 

Most breed rapidly and regularly, with 
several broods, but some appear only 
at regular intervals such as once or 
twice in the year. All are herbivorous, 
and their ravages in the established 
crops are not observed as they are 262. 

Tinf ffiiffipiA-n+lv imiYiArAnsi tn do harm. A common Gromd Beetle tUt feeds 

not suiticientiy numerous to ao^narm. on decaying Umes md is mistalcen 
They are injurious to germinating fora$est {Magnified.) 
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Surface Weeml. 
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crops owing to the peculiar conditions ; large areas of land are cleaned, 
weeded and sown; there is no food in the fields btit the germinating 

seeds, which offer a peculiarly 
tempting diet to these insects; 
a few insects can destroy a 
very large number of these 
tender shoots and the destruc- 
tion becomes very serious ; 
the crop is resown and again 
eaten. The destruction of 
successive sowings and the 
delay in establishing the 
crop may prove very serious, 
and there are many cases where 
the crops cannot be established. 
The attacks are more general in 
rabi sowings but occur in kharif 
sowings especially when heavy 
rain has not checked the insects. 
Early sowings are most attacked 
under some conditions, later ones 
under others, which is a matter of climate and rainfall. 

“Wheat, barley, oats, opium, tobacco, maize, sorghum, cane, gram, 
cotton, minor millets and vegetable crops are all attacked, and these 
insects have been observed or reported from widely separated districts of 
India. The number of species concerned is not fully ascertained and it 
is unnecessary to distin- 
guish them. 

The methods of treat- 
ment vary according to the 
nature of the crop and the 
insect. One general pre- 
ventive is available in 
almost all eases, which is 
to provide the insects with 
alternative food so that they 
will not eat the seedlings. 

The common weeds and grass in the field will provide this where it is 
possible to defer weeding until the seed is well germinated and estab- 
lished. Where this is not possible, another crop can he sown lightly over 
the field so as to germinate eaflier and provide food. The cultivator 



The small Ground Grasshopper* 
{Magnijied twice) 
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A common Surface Grasshopper* 
{Slightly magnified) 
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of opium m some parts of India sows mustard with liis opium to protect 
the latter j weeding out the mustard when no longer req^uired. Sowing 
maize with cotton^ or sorghum and maize with cane effects the same 
object. The practice of sowing mixed seeds in irrigated plots serves the 
same purpose^ the valuable plants being protected by the dense growth 
which is removed as soon as the plant is established. 

In Gonda (Oudh) the opium cultivator is said to strew chips of 
pumpkin through his field to attract the beetles which gather there and 
are destroyed. This is the simplest and most rational method, whenever 
it is possible. In the case of grasshoppers only, the ordinary bag and 
frame can be run over the fields to sweep up the grasshoppers when 
the seed is sown. This 
will not collect the 
beetles which do not 
jump in the air when 
the bag approaches and 
can be used only against 
grasshoppers. The neces- 
sary expenditure of a few 
rupees for bags and an anna 
or so an acre for labour is 
well worth incurring where 
grasshoppers are abundant. 

Flooding is useful whore it can be practised, as in opium cultivation, 
the weevils and grasshoppers both being captured or drowned. Trans- 
planted tobacco has been preserved by spraying the plants with lead 
arseniate and by dipping the seedlings before transplanting in the mixture 
of lead arseniate and water. These plants are then poisonous and destroy 
the grasshoppers on a large scale. 

In the case of maize, sorghum, cane, and similar crops, dropping lime 
and lead arseniate mixture into the heart of each plant is also effective ' 
and even dry mould has a good effect, the beetles then not eating the 
delicate inner shoot of the growing plant. 

The practice of burning fal lands has possibly some value in the 
destruction of these beetles which are hiding in the soil and would 
destroy the seedlings. Generally speaking it is advisable, whenever 
possible, to sow a trap crop or provide some alternative food for both 
weevils and grasshoppers ; this cannot of course be done after the crop 
is np and is being injured, but the insects can be anticipated in the 
following season if this precaution is adopted in time* Wherever 
grasshoppers are known to he abundant^ they should be swept up about the 
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The large Ground Grasshopper. 
{Magnijied hoioe.) 
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time tlie crops are sown, together with those in 

grass. If nothing else can be done for the weevils, they should be 
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Tie Big Cricket. 

provided with food, even if it be only heaps of green fodder laid about the 
fields ; large numbers can be captured in this manner, and the ingenuity 
of the ryot is quite equal to finding out the most satisfactory substance 
for this purpose. 


Crickets and Root Insects. 

Many insects live in the ground forming burrows which ramify 
below the surface and open at one or more points. These are prmcipaUy 
crickets, insects which are closely allied to the grasshoppers but live 

below ground. ... i i 

Many species occur in India whose distribution is not yet acenrateiy 

ascertained. Only the larger 
burrowing species are known to 
he injurious, possibly because 
the harm done by the smaller 
species is not attributed to the 
right cause. These insects make 
burrows which descend to some 
distance into the soil, always with 
openings at the surface the 
nature of the soil, and the height 
of the sub-soil water exercise an 
influence on the depth of the 
burrow ; the distribution of 

Tie Bigger Wasg> Hat preys upon, tie Big the various species appears TO 
Cricket, limited by the occurrence 

of the paiticulai- soils they need. They descend deeper into the soil 
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in hot dry weather^ coming up in the rains, either owing to the rise of the 
soil water or because the surface is then moist and cool. 

The life histories of the Indian species have not been. investigated 
but are probably similar to those of other species. In the group in 
general, eggs are laid in a central chamber in the ground, a large number 
of small round eggs being deposited in a mass and cared for by the 
parent. The young that hatch are active and sooner or later start their 
own burrows ; they pass through the usual moults. The food is largely 
vegetable but not universally so, and it is probable that certain species 
are mainly ox wholly insectivorous, driving their burrows through the 
soil in search of the insects. The large brown cricket^ (fig. 266) is 
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The Bloch-headed Crichet, 


herbivorous, making very large and extensive burrows; it comes up at 
night, cuts off plants, and descends with them to its burrow. This 
species grows to a great size and is common in Bengal, Bihar, Assam, 
and Burma. In the rains it is driven up out of its burrows and the 
crows then destroy a large number. This insect is also preyed upon by a 
metallic green Bigger Wasp (fig. 267), which stings it, lays an egg on it 
and buries it in its own burrow. In spite of this check the insect is a 
common field and garden pest. Another smaller brown species ® with a 

^ 51. Bfochyiryfes ochatimue, Stoll. (Gryllidse.) 

? 2p, Gr^llodes melonoeephahts, Scry. (Gryllid©.) 
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black head is reported to be destrnetive to sorghum in Upper Sind and 
to crops in Shahpur, Punjab (fig. ^68). 

A widely distributed species is the two-spotted cricket,^ a black 
insect with a yellow spot on each wing (fig. 369). It occurs in various 
parts o! India and has been found attacking a variety of crops. 

In addition to the injury done by cutting plants, these insects are also 

injurious to the roots, cutting 
through the roots in the course 
of making their burrows. In 
the rains, when their burrows 
are near the surface, this form 
of damage may be extensive. 

The Mole Cricket ^ is 
particularly injurious in this 
connection, though there is 
some reason to believe it is 
useful in destroying insects, 
and that it injures the plants 
only when seeking for pests. 
This insect is noticeable for 
the beautifully adapted fore- 
legs and prothorax, the former 
broad and toothed for digging, 
the latter round and hard for 
forcing through the soil ; the 
abdomen is peculiarly soft. 
This is a common insect, often 
found at night in houses, drawn there by the lights. 
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The Mole Cricket, 

^ 186. Ziogryllus himamlatus. deG-. (Gryllidse.) 

2 260. G-r^Uotalpa africava. Pal. B. (Gryllidffi.J 
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Anotlier formidable burrowing insect is not strictly a cricket, but 
placed in tbe next family ; it is known in Bebar as tbe llierwa} This 
species makes burrows in tbe soil, usually near rivers and streams ; tbe 
young are similar to tbe full grown insects but not winged; tbe 
appearance of tbe winged insect with its most formidable jaws is most 



striking. This insect bas been reported as injurious to tbe roots of 
plants from several districts of India, cutting through tbe roots of crops 
in its search for insects. Normally it lives near running water and is 
not harmful, but exceptionally it infests fields and does much injury to 
valuable crops such as tobacco. Its distribution is limited, Assam and 
Bebar being tbe localities most infested, but it bas also been found in a 
few widely separated localities in India. 

Burrowing crickets are extremely difficult insects to check, no good 
method of destroying them having yet been found. Species that eat 
crop plants can be poisoned, tbe attacked crops being sprayed with lead 
arseniate. Tbe crickets take tbe poisoned food to their burrows and are 
there killed. This is effective and simple, a great diminution in their 
numbers promptly taking place. Flooding out is possible under certain 
circumstances and is the most radical method, tbe crickets being driven 
to tbe surface and killed by crows and other birds. Digging tbe crickets 
out is a slow and laborious method, but tbe only one available in some cases. 
These insects should not be confused with tbe common insects 
which bve on tbe surface of tbe ground and never burrow; tbe group 
is a large one and only tbe burrowing species are really harmful. 

* 170, Sc’hizodaoi'^lus monsirmms. Dr. (Locustidse.) 

<^2 
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Termites. 

A group of social iusects, commonly termed wliite-ants, wliieh live in 
nests usually made in the ground. Structurally there is no relationship 
between the termites, wliich are Neuroptera, and the ants, which are 
lIpmiopteTa ; in their habits there is a close resemblance, with clear 
distinctions. Termites shun light and never willingly expose themselves 
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Wingless Queen, after return to rest, the aMomen distended with eggs. 


to it. The nest is usually underground and from it passages run 
tlirough the soil to trees, buildings, etc. The nest often projects above 
the ground and is made of chewed vegetable fibre,* it contains many 
chambers and passages. •Within the nest the sexually mature indivi- 
duals live, the most important of which is the queen who produces tlie 
eggs. A colony of termites usually consists of one or more fully deve- 
loped queens, one or more imperfectly developed queens, and a larger or 
smaller number of males : males and females alone are winged at any 
time. The larger part of the colony consists of smaller undeveloped 
insects, termed workers or soldiers, which never become winged or sexually 
mature. These leave the nest and collect food for the whole colony. 

Unless the actual nest is. 
found, only workers and 
soldiers are seen, and it 
is these which destroy 
houses, eat crops and 
damage trees. The nest 
may be a long distance 
from the scene of destruc- 
tion, the termites com- 
municating with the nest 
by means of a covered 
passage or a tunnel. 

At certain times of the year^ enormous numbers of winged termites 
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Winged Queen Termite. 





come out of the nests; these fly for a short time and then lose their wings. 
They are full-grown males and females but they are not fully developed. 
The greater number, if not all, of these perish, the wings falling ot very 
readily and the insects being eaten by their numerous enemies. 

The food of the termites consists of vegetable matter, normally of 
dead dry timber, but also of living plant tissue. It is still an unsettled 
point whether all termites will attack a sound healthy living plant ; 
they will attack unhealthy living plant tissue, e.g,^ a cut sugarcane, and 
it is certain that some wil actually eat a sound healthy plant. In 
general the termites are injurious in buildings, where they utterly des- 
troy wood, leather, paper and similar materials. They also attack mango- 
trees in parts of Bombay and the Central Provinces ; the chilli crop of 
Gujarat is much attacked, as also is sugarcane, wheat, ground-nut and 
other crops in many parts of India. Esiceptionally other crops are 
attacked, often when in the rainy season the ants are driven up by the high 
level of the soil water and have to find food close to the surface and not 
in their usual haunts. 

Termites are rarely seen to be attacking a plant or a house until 
it is too late to take 
steps against them ; 
they malce a tunnel 
from their nest to the 
object on which they 
wish to feed. Should 
they have to cross an 
open space or go up 
a wall, they make 
a covered way. Having' 
reached their objective 
they eat into it, remov- 
ing the tissue and leav- 
ing only a shell. 

The treatment of white-ants depends upon the circumstances of each 
ease. The following methods are applicable in special eases : — 

(1) If a field is infested with white-ants, search for the nest, dig it 
out and burn it, taking especial care to destroy any large individuals 
found in it which may he queens. 

(2) If the nest is found but cannot be dug out, pour in carbon 
bisulphide, kerosene, sanitary fluid, or even abundance of hot water. 
This will destroy the nest and if the queens are killed the colony will 
be destroyed. 
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Young Termites •which will lecome queens. 
{Mag nipped.) 
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(3) . Where white-ants are prevalent, the woodwork of a house 
can be protected by a liberal application of any form, of arsenic to the 
door-frames, window-frames, wooden pillars or any exposed wood, as 
well as to the floors where tliis is possible. Several forms of arsenic 
are procurable in the bazaars (white arsenic, saiuhul^ Bonialy sanka^ etc,) 
yellow arsenic, hartal) etc^) which can be ground up very fine, mixed 

with water and poured on. If the 
floors of all buildings were treated 
with a solution of white arsenic 
(formula No. 14) before the top layer 
is put on, no white-ants would come 
up through the floor at any time. 
Termites will not eat through anything 
impregnated with arsenic and will 
leave their tunnels if a solution of 
arsenic comes near. In these eases 
they may come up outside walls in 
their covered ways, and will then enter 
the building if possible. No application of arsenic will check this. 

{4i) If a house is infested with white-ants little can be done. If 
their tunnels or entrances can be found, this can be destroyed and the 
places treated with arsenic. If they have a nest outside and come into 
the house^ their entrances to the house should be searched out. Fumi- 
gation with hydrocyanic acid or carbon bisulphide is as fatal to termites 
as to all other insects, and where possible every infested building should 
be fumigated, search made for the termites^ tunnels, and their future 
entrance prevented by the use of arsenic. 

(5) In fields infested with termites, crops’ are occasionally attacked, 
especially sugarcane, wheat and ground-nut. If the nest cannot be found, 
the termites can be discouraged before the crop is planted, by cultiva- 
tion Such crops as sugarcane, planted from setts, can be protected 
by the treatment of the setts. A cane sett dipped in sanitary fluid, 
strong soap or copper sulphate {Mia) solution or crude oil emulsion, 
Will not usuaUy be attacked by wHte-ants. This is a very simple and 
ehtirely e:ffective treatment. Such vegetable substances as castor cake, 
Usafoetida [Ung), dekamali gum, etc., are less effectual but still have 
some effect in deterring white-ants. 

Siniilar^ but less lasting results follow from the impregnation of 
the irrigation . water with small quantities of poisons. It is necessary 
to use those Which will have no permanent effect on the soil or crop 
Crude oil emulsion, sanitary fluid, kerosene oil,- pure or in emulsion, are 
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effectual if introduced in small (quantities to tlie irrigation water, The 
simplest procedure is to put a bag- of tbe solid^ or a tin of tlie liquid in 
tlie water channel so that a small proportion is carried along with the 
water. This is a practice in Gujarat where a mixture of akh {Calotropu)j 
kkmani (Mger seed), nim cake and castor cake is 

placed in the irrigation channel in the belief that the wliite*ants will not 
attack the chillies. 

In some cases nothing can be done to discover or destroy the nests 
of the termitesj and no certain method has yet been found of driving 
away the pest. Good results have been obtained with a top dressing of 
manure^ but the best application has not yet been found nor have the 
results been sufficiently uniform to give reliable methods. It is probable 
that methods based on this or a similar principle will prove to be ef ectual 
ill temporarily checking the ravages of white-ants in growing crops and 
we may hope eventually to be able to free land from termites whoUy or 
for long periods. 

(6) Trees that are infested with wMte-ants can be temporarily cured 
by the application of kerosene to the bark, or of kerosene emulsion^ 
tobacco decoction, soap solution, etc., to the roots. In Gujarat mango* 
trees are painted with red oebre (oxide of iron) called to deter 
white*ants from attacking the trunks. Good results are reported from 
the Central Provinces in the treatment of white-ant-infested trees 
with Gondal fluid, and better results have recently been obtained with 
sanitary fluid. 

(7) Termites are attracted by farmyard or stable manure that is dry 
or insufficiently rotted. The digging into the ground of improperly 
prepared farmyard manure is a source of white-ant attacks, the insects 
coming first to feed on the manure and when that is exhausted attacking 
the roots of qflants. "When termites are prevalent the greatest care should 
bo taken to apply only well rotted manure. 

Injurious Ants. 

At least one species of true ant is known to attack healthy living 
plants both in Ceylon and India. This is the common blind brown ant,^ 
of which the enormous male, as large as and similar to a wasp, comes 
into houses at nigh^ ^ attracted by the Hght.^ The nest is underground, 
the workers behaving like tei'mites and tunnelling through the soil to 
the roots of plants* We have been able to confirm the observations of 

^ 221. Dorylus orientatis, Westw. (Formieidsei) 

^ See Bgiii’es 54*55 Of JO, Idtbidtuk, 
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Mr. B. E. Grreen in Ceylon that the workers actually eat sound healtky 
plant tissue. Cauliflowers, cabbages, artichokes and other vegetables are 
attacked just below the soil and completely 
destroyed. As these ants are usually carni- 
vorous the habit is an exception. In the case 
observed, the addition of a small quantity of 
crude oil emulsion to the irrigation water drove 
them away. 

A second injurious ant is the harvesting 
ant,^ which gathers seeds especially of kangni 
[Set aria italiea) in the galleries of its nest. 
This is a moderately large deep brown and 
black ant, which makes extensive nests in the 
soil ; in the Punjab these nests are shallow and 
easily dug out ; other observers in India state 
that the nests are very deep, and this depends 
probably upon the nature of the soil. The 
worker ants bring the seeds one by one to 
the nest and store them in granaries. As much 
as a pint of seed may be found in a single 
large nest, and as the nests are in some cases 
numerous, a considerable quantity of seed may 
be destroyed. The nests are readily traced and 
may be dug out ; the application of hot water destroys the insects, and 
the mere filling of the nest with water will be sufficient to drive out the 
occupants. 

^ 262. SQ^eomyriMX scdbricejps, Mayr, (Formicida?..) 
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JBrown Ant workers. 
(Magnified and natiwal size.) 




CHAPTER XVlll. 

SUCKING INSECTS. 

T he distinguishing' character with these insects is that they suck the 
juice of plants. They are Eemi_ptera marked by the presence of 
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The Sorghimi Tug, (Magnified,) 
behave as the plant parasites but 
share the mobility of the plant 
bugs. This is a fundamental dis- 
tinction when one regards the 
insects from the economic point of 
view, and entirely alters the charac- 
ter of the treatment possible for 
each form of disease. 

Plant Bugs. 

Among the occasional pests of 
Indian crops, the plant bugs are 
of common occurrence, doing in 
the aggregate a considerable 
amount of harm which very rarely 
becomes apparent. These insects 
live upon plants, sucking the juice 


the suctorial proboscis. For such 
pests we must as a rule use special 
remedies. 

Sucking insects include practi- 
cally two large classes with inter- 
mediates ; there are the active Elant 
Bugs which run about the plants 
and suck any part that attracts 
them; there are also the Scale 
Insects and other Plant Para- 
sites", which fix themselves down 
and never move. The former may 
leave no trace of their work, 
simply inserting their proboscis 
and feeding where they will ; the 
latter are fixed and local. Between 
the two are the filant lice, which 
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The Tainted Tug, (Magnified.) 





from the leaves, the stem or the fruit; many species are known in 
Jungles and waste lands, a few of which attack crops or garden plants. 
The Bed Bug and the Dusky Bug of cotton (page 104i), the Maize Fly 
and Cane Fly (page 134i), and the Rice 
Bug (page 116) are examples of plant hugs 
which attack only specific crops and are 
special pests. A number of other species 
^ attack crops occasionally, though feeding 

habitually upon wild plants and only enter- 
ing the crops when they have become 
exceptionally abundant. 

^ The life history varies with the species. 

\ \ are laid on the plant or on the ground, 

^ I the little bugs that hatch resembling their 

parents in general form. Bug eggs are 
fiQr. 279. easily recognisable, being laid in little 

SuGhing mouth^arts of Hemip- clusters on the leaves in many cases ; the 

cjlindi'ieal frith neat lids 
the lotoer that of tie lerhivor* that Open when the bugs emerge. There 
are a number of moults, the wings appear- 
ing at the penultimate one. The bug extracts food from the plants by 
means of the beak, a slender tube provided with sharp lancet-like instru- 
ments ; the end of the tube is applied to the plant ; the lancets work up 


and down till they pierce the tissues and the 
sap is withdrawn by suction. After feed- 
ing, the bug withdraws the lancets and 
moves on. 

Plant bugs form a large group with very 
varied habits and very diverse form. They 
are in all cases recognisable by the beak, a 
straight sharp tube which extends from the 
head along the lower side of the body. 

Other bugs that feed upon the juice of 
insects are predaceous, having a poisonous 
bite. One of the larger predaceous bugs 
comes into houses at night, attracted by 
lights, and if handled, inflicts a very painful 
bite* These predaceous bugs can generally 
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The Cinchona Bug, almost iden* 
tical with the Betel Vine Bug* 
{Magnified,) (From Bistant) 


be known at once by the form of the beak, which is short and curved ; 
whilst in the plant bugs it is long and extends straight between the 
legs (see fig* 279)* This is not intariable as some of the true plant bugs 
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are predaceous on occasion; but practically any bug ¥itli a curved beak is 
predaceous and therefore useful. It is unnecessary to mention a large 
number of species of bugS; the examples dealt with above being sufficient. 
The mosq^uito blight of tea is perhaps the best known in India. Coffee 
berries in the Mlgiiis are sucked 
by a small brightly coloured 
plant hug^ which is common 
also in Ceylon. The potato 
plant is the favourite food-plant 
of the Green Bug/ a widely dis- 
tributed pest (fig. 190^ page 168). 

Mustard and rape are the food- 
plants of the Painted Bug/ a 
small brightly coloured species 
very abundant in the plains 
(fig. 278). Maize; sorghum and 
millets are found to harbour a 
bug/ coloured in grey^ brown 
and black; which infests the 
beads but does no barm (fig. 

277). A closely similar species ^ 
with sharp spines on the edges 
of the thorax is common in the 
crops but is apparently wholly 
predaceous. 

The betel vine is infested with a slender reddish bug/ which flies from 
leaf to leaf and feeds by sucking the epidermis on the lower side. Where 
it suckS; a spot is formed which in time decays and spoils the leaf. This 
is a more serious pest; the loss to the crop being a large one in many 
cases. In Lower Bengal the Giant Bed Bug ^ is believed to he a pest; 
probably on account of its very vivid colouring; but it is not known 
seriously to injure any crop. 

A small greenish bug is commonly found upon the heads of the cliolam 
and cumbu {hajm) in South India; sucking the milky grain 
(fig* 282) . This is not an unusual form of injury; but it is rarely reported ; 
in parts of South India it appears to be partieulaTly common and the 
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The Griant Red Bug, {From Distant.) 


1 iO?. Antestia cruciata. J?, (PenfcatomidBS.) 

2 223. Be&ara viridula. L. (Pentatomidae.) 
s 169. Bagrada ^icta. P. (PentatomidsB.) 

* 224. Agonoseelis mhila. P. (Pentatomidse.) 

® 6. lie, CantheconafwceUata, 'Wolff. (Pentatomidse.) 
® 25. DisgJiinctus sp, (Capsidae.) 
t 1336* LoMta grmdis, Ur. (Pyirhocondae.) 
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bug IS a somewhat serious occasional pest.^ Another small dusky 

bug® is reported as a pest; this 
is closely allied to the notori- 
ous chinch bug of the United 
States, but there is no accurate 
record of its being a serious pest 
in India (fig. 284/). A peculiar 
form of injury is caused by bugs 
which gather on the threshing 
floor and suck out the seeds of 
sesamum and other oil crops. 
The principal of these bugs is a 
small brownish insect,® common 
in the plains ; it also attacks 
the seed on the growing plant 
and may be reckoned a casual 
pest to oil seeds in general 
(fig. 285). 

Other species have been re- 
corded as injuring crops, but 
cannot probably rank as pests in the broadest sense of the word. 

The method of capturing the Bed Cotton Bug (page 106) is applicable 
to many other bugs, which are easily collected 
by hand in the crops. If this is done in good 
time no harm results, and it is only rarely, 
when favourable conditions occur and nothing 
is done to check them, that bugs become des- 
tructively numerous. The betel vine grower 
catches his pest by hand, crnshing it in a 
folded leaf of the plant. In the case of the 
Painted Bug and similar insects, the eggs 
are very easily coUeeted and destroyed, and 
the pest would be most simply checked in 
this manner if the cultivator was familiar 
with them. 

In special cases it may be possible to use 
contact poisons, as when the heads of cholam 
are dipped or wetted in kerosene emulsion to 

^ 223. Caloooris angmtai'as. Leth- (Capsidaa.] 

2 Missus gibhm. F, (L ) 

A.^]kamts a&rdidtis, F. 
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prevent tlie bug’s from gatliering- in them to eat the young grain. As a 
rule no insecticides can be used against these hard bugs at a sufficient 
strength to kill them, but only to drive them away or to make the plant 
distasteful to them. 

Green Fly and Plant Lice (Aphidae). 

Plants are often found to be covered with colonies of tiny black 
-= 5 . or yellow insects, which cluster thickly on the leaves 

N / / and twigs. Such plants, as a rule, have an unhealthy 

I I appearance and the lower leaves are covered with a 

T sticky substance. This appearance of the leaf and 

1 plant is a symptom of one of the sucking insects 

I \ described here ; if the little insects move about, 

/ ^ are not covered with a scaly covering and have the 

two little tubes projecting from the abdomen (see 
/ conclude that the insects 

are plant lice, also known as green fly or aphides. 
Fig-. 284. insects are small, the largest not more than one* 

JBuff, Immature tenth ot an inch long ; each has three pairs of legs, 

form. {Mapiified) g, sharp snctoi’ial -beak, eyes, and feelers: there are 

also the two short tubes or knobs which project from 

the upper surface of the abdomen. Some are winged, others un winged. 

The life history of these insects varies very much according to locality, 
climate, etc. As a rule, the colonies are composed 
only of females which may he winged or unwinged, 
and all of which produce young alive, all females. \ X 
Males are not found and the young attain maturity '( \ 

in a few days from birth, when they too bring 
forth young. The rate of reproduction is thus ^ 

enormous, the colony increasing very rapidly in I \ 

number. When the colony is small, it is found that \ \ 

the females are unwinged ; later on winged indivi- I ] 

duals appear, the wings forming gradually as they \ / 

do in other insects which have no metamorphosis* J f 

These winged females fly from plant to plant spread- 
ing the colony over a large area; wherever they Til-seed Bug. 

settle down they found a fresh colony, and the rate . (From 

of multiplication and spread becomes enormous. 

This occurs typically in the species which are found attacking crops 
in India, and it is probable that at particular seasons of the year, males 
are produced and a se:?:ual generation found, The life history of no 


Fig. 285. 
Til-seed Bug. 

{From 

Distant.) 
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Indian species lias been traced tliroug-liout tlie yoar^ but on analogy witli 
species elsewbero, tbore is probably an alternate generation on aiiotber 
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/ a'n.d, Wingless 'Plant Lice. {Magnified^ twel'ce Umesi) 


food -plant. These insects injure plants by tlie enormous quantity of sap 
they extract. Tliey also excrete a sweet liquid wbicli, falling on tbe 
leaves below, makes them sticky and sliiny ; tliis appearance on tlie plant 
is g’enerally familiar in India. Ants and otlier insects are fond of tbis 
liquid and come to the plants to obtain it ; ants obtain it direct from the 
plant lice, and it is well known that some ants use plant lice as we do 
cows, not only "milldng^'’ them but preparing shelters for them and 
earing for them. 

Plant lice attack plants more often in cloudy weather. This is 
due partly to the fact that the winged insects fly in cloudy weather and 
so spread, and partly to the more unhealthy condition of the plant. 
As a rule, too, plant lice thrive in damp weather or when a moist wind is 
blowing ; a dry hot wind often Hils them so that their occurrence on the 
crops is largely a matter of climatic conditions. These conditions are 
not as yet fully understood and plant lice sometimes thrive best in the 
absence of rain. Not only climate, but the condition of the plant 
aJ^eet the occurrence of plant hce, and the latter is a subject that has 
not been investigated, Plant lice attack several crops in India and are 
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destructive to some of them. The Cotton Aphis is dealt with above 
(pa^e 110). Other species attack tur and leguminous plants/ mustard^ 
rape and cruciferous crops/ sorghum and maize, wheat, indigo, etc. All 
are destructive when circumstances are favour-able, and a long spell of 
cloudy weather will bring them out upon the crops. 

An important feature in these attacks is the vigour of the plant ; a 
strong healthy plant resists attack and is less liable to it ; an exotic 
plant, not fully acclimatised, su:lKers more than a hardy indigenous 
variety. Crops growing under bad conditions, with too much moisture or 
on exhausted land, su:ier far more than the same plants growing under 
good conditions. As a rule, an attack of plant lice is produced by these 
causes, and only a removal of them effects a cure. 

The artificial remedy for plant lice is spraying, a perfectly efficient 
and simple business which should be carried out on experimental farms. 
It is not at present possible to introduce it into general use and will never 
be, until the cultivator is able to watch for his pests and cheek them at 
the start. A field once thoroughly infested with aphis can be cured only 
by a considerable expenditure in labour and insecticides, an expenditure 
exceeding two rupees an acre under the best possible conditions. The 
actual destruction of the first colonies of the plant lice by spraying is a 


matter principally of watchfulness, the necessary materials costing hut 

very little ; but this requires an inteUi- p- 

gent foresight and much care in finding 
and thorouglily destroying the first colo- 
nies. As a rule nothing can be done to 
check plant lice because tbe matter is 
not taken in time ; the adverse climatic 
conditions cannot be altered; the vigour 
of the plaut must be maintained in 
every possible way and so far as possible 
the first colonies of plant lice destroyed. 

Further investigation of plant lice is 
required to discover their alternative 
food-plants and generations, as they live 

only for part of the year on crops and 

probably have wild food-plants at other 

seasons ; it may be possible to cheek them The scale enclosing the yomg 
by tke. destruetiou of these food-plants, (.Mmh magnified 

this being done at a time ■when the attached crop is not growing. Plant 
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The scale enclosing ihe yomg 
%lv Wina. {Mwh magnified 


^ 83. Aphis cardui, Xinu. (ApHdsB.) 

^ 162. A^his hrassiqa. Li|in, (Aphidse.) 
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lice have many enemies^ which cause an enoTmons dimiimtion in their 
numbers. These insects are dealt with elsewhere (page 278). If we conld 
be sure that these enemies would attack the plant lice in time, we could 
naturally check nearly every outbreak, but at present this is not pssible. 
These beneficial insects should be generally familiar and on no account be 
destroyed. 

The Mealy Wings (Aleurodidae), 

Small scale-like insects are frequently found upon plants, with small 

whitish flying insects wliich look 
like very minute moths. These 
are the insects known as mealy 
wings, generally classed with the 
scale insects and mealy bugs, from 
which they are however quite 
distinct. The young of both are 
much alike in general appearance, 
but if winged insects are found in 
any numbers, the species is almost 
certain to belong to this group. A 
number of species are known in 
India upon a variety of plants, and 
though not common as pests they 
are found and sent in for examina- 
tion occasionally. 

Life History , — ^The female lays 
eggs upon the plant, the eggs 
usually enveloped in white cottony 
material which she places upon the 
leaf. These eggs hatch to small 
insects which walk about the plant. 
Each insect is very minute, scarcely visible to the naked eye ; it has a 
beak which it pushes into the tissues of the plant in order to extract the 
sap. Having found a good place it settles down and remains there until 
it emerges as a flying insect. Each insect when settled down has the 
appearance of a small scale, not more than one-tenth of an inch long ; 
often they are black or dark-coloured with a fringe of white and some 
white down over them. Others are brown or green, or are transparent 
and not easily seen upon the plant. They remain fixed on the plant, often 
in large numbers together. The juice of the plant is sucked out and the 
plant itself weakened, The |)eriod during which thejr live thus varies 
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according to season, and other conditions. When nearly Ml grown the 
insect rests, entering into a condition similar to that of a hutterliy 
chrysalis. When this is completed, a tiny white insect emerges, with 
two pairs of wings large for its size, which give it the appearance of 
a tiny moth. Both sexes are winged ; this and the fact that they have 
four wings distinguishes them from the very similar scale insects 
{Coceidce) in which the male alone has two wings, the female none. 

Having mated, the female lays eggs and dies. 

Mealy wings are found upon a variety of j)lants and there are many 
species in India. Tw^o attack orange, one attacks sugarcane, another 
attach s rose ; a common one in Western India attacks the mango, the leaves 
being covered with the small black scales. Another is found on castor, and 
many wild plants are infested. The group is not fully known yet, and, though 
not as important as the scale insects, many species remain to he discovered. 

If the insects have not 3^et reached the flying stage, they may in 
some cases he destroyed by cutting of£ the infested part and burning it. 
No other treatment is possible except spraying insecticides on to them 
to kill them. This is quite simple if the necessary appliances are avail- 
able and is described elsewhere (Chapter VII). The insecticides best for 
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The Clouded Meal^ Wing. {Magnified six times.) 


use are kerosene emulsion or rosin wash (made on the spot) or crude oil 
emulsion or McDougahs Insecticide (bought ready for use). This is 
the simplest treatment and one that should be used in all gardens or 
orchards where fruit-trees or valuable plants are grown. 
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Blad BUght-^Vhnis infested with these insects often have a black 
coating’ on their leaves commonly called " Black Blight this is often 
mistaken for the real disease. This black coating is the result ot the work 
of the insects ; they suck a great quantity of juice from the plant and in 
turn a sweet fluid (honey dew) drops from them upon the leaves below j 
as this dries it becomes sticky and then a mould (GapnocUtm) grows in it 
which; being black; gives the plant a black appearance. This mould 
(similar to that which comes on bootS; etc.; in the rains) does little harm 
and does not penetrate the tissues of the plant. The black must be traced 
to its right cause; the insects ; wdien these are killed the mould will cease. 

Scale Insects and Mealy Bugs (Coccidse). 

A class of pests distinct from all others are formed by the insects 
generally known as Scale Insects and Mealy Bugs. They are found 
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M-spotied Scale, a, natural size, h, female scale, c, male scale, female, e, male, 
{Magnified.) 

as small scaledike insectS; usually thickly infesting the leaveS; twigs or 
bark of the plants they attack. Many are covered with distinct scales, 
formed -of special wool-like material mixed with the cast skins of the 
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inseef-i itselE ; others a^re covered iu loose white material 
like cotton wool which completely envelopes them and 
gives them tleir name^ mealy bugs. In some the 
covering* tUikes the form of thick opaque wax, arranged 
in more or less regular plates. Another large division 
has no special covering but the skin of the upper 
surface is thickened. In nearly all species the size 
is not moi’e than one-eighth of an inch, the insect 
being- iathen^ed and closely attached to the plant. No 
definite ckaraeters can be given by which to distin- 
guish tliese insects from many others which resemble 
them. 

Lifts Msto^y . — The female produces very large 
numbers of eggs, which may hatch at once or remain 
dormant for a long period. As a rule these eggs are 
produced slowly and accumulate under the body of 
the insect or in a special egg case attached to her 
body. The number of eggs is generally some hun- 
dredsj often thousands. The young that emerges is a 
small iiisect,i flattened, with three pairs of legs hidden 
under tie body, a long suctorial beak, and minute eyes. 
The young walk actively and may go for some distance 
in searcli of a fresh food-plant. Eventually each settles 
dow billies its beak in the tissues of the plant and 
xiu -ox feeds upon the juices. When grown larger, the skin 
Th BlacTs SUeli is shed and the insect often becomes a degraded legless 
Seals, creature hidden under its protective covering. 

The females moulb once 
more and are then mature. 

Most are incapable of 
movement after fcbe 
first moult, tliotigli tbe 
mealy bugs in particular 
remain active tlirougboiit 
life. 

The male undergoes 
two further moults and 
after passing through ft 
period of rest, emerges as 
a tiny two-winged 
so small as to escape The JSkek SlmU Scale, {Magnified jiu times) 
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observation. It flies in search ot ; 

later the female produces eggs m turn and dies. 
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Tie M-spotkd mu (left) and Blach Shield Seale (nsU). 


ae ,w. lif. ki«r -y w 

In some cases the eggs remain unhatohed tor 
a long period, awaiting favourable conditions. 

A curious feature of these insects is the frequent 
absence of males altogether; there may 
be none for many generations and in some 
species no males have yet been In 

others there are as many or more males tha 

females. 

Foo<f-pZa»«s.-There are many species m 
India which attack a variety of plants, ihe 
eofiee plant suffers from the notorious Brown 
Bug,* the Green Bug * and a Mealy Bug. 
The first of these is scattered almost tlirough- 
. <.1 districts of Southern India, and causes a large amount 

If dalage. It has been successf^te^_J>y_®F!I^^ 

— — — ;;; 2 vitide^ O'!', 
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Scale Insects on a leaf. 
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exporimcnts sliow tliat spraying* with rosin wash cheeks the insect and 
is profitable. 

The Green Bug is less widely scattered but appears to be spreading 
from the Pulny Hills into the Nilgiris and will probably reach other 
districts. Both of these insects infest the twigSj sucking out the juice 
and gradually or cpiiekly killing the plant. The Cofiee Mealy Bug 
in Coorg infests the roots^ specially of young plants. Experiments show 
that treatment with lime and sulphur, aided by an occasional applica- 
tion of insecticide, 
keeps this pest in 
check. Elsewhere it 
attacks a variety of 
plants, mostly garden 
plants. 

The shade trees of 
coffee in Mysore are 
infested by the Green 
Mealy Scale,i which 
attacks certain trees 
and destroys the 
foliage. The black 
blight produced by 
this and allied spe- 
cies on coffee shade 
trees injures the 
coffee and is one of 
the worst features of 
this pest. 

Another destructive species is the Bed Spotted Seale,^ a dark- 
coloured scale with a reddish centre ; this attacks palms and is injurious 
to the betel palm. Sugarcane is attacked by three species,^ the mealy 
bug of cane alone being widespread. It is most easily checked by care 
in the selection of only clean setts for planting. 

Cotton is attacked by a mealy bug which lives in the top 
leaves of each shoot and causes the shoot to twist and form a gall ; 
it attacks only certain indigenous varieties and is known only in Behar. 
Plucking the affected shoots is the simple and radical treatment for 
this pest. 

* Puhimria psidii. Mask. | ^ Jspidioius ficus. Ashm. 

® Dmtylopms sacohaH, Cldl. (Cane Mealy Bug,) 

Hipcrsia saechari, Gr. 

4rCle^da j^ponicqi,. 
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The Tea Mealy Buy* 
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Seed potatoes in parts oi Ben<^al are attacked Ly a small mealy 
bug wliicli infests them during the rains and causes them to rot. This 
is not a field post but attacks the stored potatoes. 

Many species are reported as attacking tea in India and others are 

common on fruit trees and 
garden plants. The latter are 
rarely destructive but occa- 
sionally spoil the appearance 
of good plants by producing 
black-blight.'’^ 

A destructive species ^ 
attacks the mulberry^ infest- 
ing the ends of the growing 
shoots and causing them to 
become twisted. This pest 
is a serious one in mulberry 
plantations, unless the plants 
are vigorous enough to 
outgrow it. A striking case 
of mealy bug attack is found 
in the very large white 
mealy bug ® which comes up 
from the soil during the cold 
weather and first weeks of 

ouaiits xiiseub. . 

The male scale is the small narrow onct ioith ore the warm weather j immense 
cast shin, the female larger, with two. numbers o£ lialf-grown 

females come up, feeding upon the hushes and trees, gradually 
walking up the bark until they reach the ends of the branches. 
They become very large, conspicuous white masses of them clustering on 
the end of the twigs. The males emerge from smaller scales and fly 
about among the bi’anches. This is one of the largest species of mealy 
bug found, and tbe male is very large in comparison to the males of most 
insects of this family. It is injurious to occasional plants but is 
very easily killed "with sanitary fluid or other contact poisons. Its 
food-plants are large trees and it is not injurious where it ca'n reach 
these, 

■When scale insects are found, the simplest method is to cut 
ofl and burn the infested branch. The insects cannot escape by 
flying and are easily destroyed. In cofee and tea plantations it is 
important to watch for them and check them at once, and this is 
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necessary also on fruit trees. Tlio only other simple remedy is to 
spray them with an insecticide. 

Kerosene emulsion is a good 
mixture for the softer woolly 
ones; rosin wash for the hard 
scale-bearing species. Crude oil 
emulsion or McDougahs insecti- 
cide are also good mixtures 
and can be obtained ready 
made. The insecticide must be 
applied with some form of 
spraying machine^ not simply 
thrown on with a syringe. In 
gardens where many plants 
are grown, the use of such 
insecticides is imperative if valuable plants are infested. 



Fig. 297 . 

Coffee Mealy JBvy, {Magnified,) 
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CHAPTER XIX. 

INSECTS INFESTING GRAIN. 

A NUMBEE of destiuetivc insects feed upon dry grain iioiir, seeds^ 
pulse and other dry food-stu:l^s, occurring in great quantity 
wherever these are stored in bulk 
and working a very large aggregate 
amount of destruction. They are 
common also throughout the villages 
of India, where special means of 
storage are used to exclude them, 
not always successfully, 

They beloug to two orders, 
the beetles and the moths, the 
former being the more abundant. 
Rice Weevil G-rith. illagmfiecl,) extensive investigation has ever 

been conducted into these pests in India and the available information 
has been gleaned from reports or discovered in chance investigation, 

The Rice Weevil^ 

A small dark-coloured weevil, about one-eighth of an inch long with 
a prominent curved snout. It lays 
its eggs on rice, corn, wheat and 
other grains, in little indentations 
made with its jaws ; the larvs eat 
into the grain, become full grown 
there and emerge as weevils 
after passing through the pupa 
stage. The insect is apparently 
abundant everywhere in India, 
and is known throughout the 
warmer parts of the world. It is 
injurious to nearly all varieties of 
grain. 

The Wheat Beetle.* 

The Wheat Beetle has been 
found attacking wheat and other Eia.299. 

stored produce in India, its laxvse Rice Weevil (Magnified,) 

(!almdra orgsce, h. (Curpulionid®.) ] ^ Trogoeita mct^ritmica^ li. (Trogositidse.) 
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INSECTS INFESTING GRAIN. 

\ NUMBEE. o£ destiuetivc insects feed upon dry grain iloiir^ seeds^ 
pulse and otlier dry food-stu:isj occurring in great quantity 
wherever these are stored in bulk 
and working a very large aggregate 
amount of destruction. They are 
common also throughout the villages 
of India, where special means of 
storage are used to exclude them, 
not always successfully. 

They belong to two orders, 
the beetles and the moths, the 
former being the more abundant. 

Bice Weevil G-rui. (Magnified,) extensive investigation ha-s ever 

been conducted into these pests in India and the available information 
has been gleaned from reports or discovered in chance investigation, 

The Rice Weevil.^ 

A small dark-coloured weevil, about one-eighth of an inch long with 
a prominent curved snout. It lays 
its eggs on rice, corn, wheat and 
other grains, in little indentations 
made with its jaws ; the larvse eat 
into the grain, become full grown 
there and emerge as weevils 
after passing through the pupa 
stage. The insect is apparently 
abundant everywhere in India, 
and is known throughout the 
warmer parts of the world. It is 
injurious to nearly all varieties of 
grain. 

The Wheat Beetle.® 

The "Wheat Beetle has been 
found attacking wheat and other Pia. 299 . 

stored prodxice in India, its larvae Bice We evil {Magnified,) 

Calmdfct orgnce. It. (Cnrculionid®.) | ^ Trogosif^ I*. (Trogositidse.) 
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being dcsiniciivc^ tbongh not living actually in the grain. The beetle is 

believed to be carnivorous^ 
attacking other insects found 
in the granary. 

The Sawtooth Beetle ^ 
is so called from the toothed 
appearance of the prothorax. 
It is found in all stages, the 
larvse running actively in 
the grain, hiding when 
exposed to light. It has been 
recorded as destructive to 
sorghum and other stored 
produce. This is also a cos» 
mopolitan pest. The Biscuit 
Beetle,^ a minute brown 
insect found attaching bis- 
cuits in Calcutta, is closely 
related to the last species 
and belongs to a cosmo- 
politan genus. The Leather 
Beetle ® is a cosmopolitan 
insect enemy of leather and 
leather goods ; it attacks silk- 
worm cocoons in India and is destructive to stored pupse of the 
silkworm moth. Its 
larvae are very hairy, 
distinct in appearance 
from those of the preced- 
ing beetles. 

A dermestid ^ closely 
allied to the last is 
reported from India in 
wheat. This or the last 
is the insect found in 
grain in Gujarat, where 
it is believed to be of use 

in checking other grain Rice Weevil {Magnified.) 

^ Silvams surinavnensis. L. (Cucujidffl.) 

“ Z^mo^Moeus pusilhs. R. (Ciienjidce.) 

® Zermestes mlpinm. F. (BermestidEe.) 

Mthriosioma mdiil ‘ tseb* (B 




Fig. 800. 

The Jfiiee Weevil {Magnified^ 
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insects, notably tlie Red Grain Beetle. This belief is so firmly held that 
fche dermestid is introduced in the grain infested with 
insects as a check on them. 

The Cheroot Beetle^ is a small active insect, 
whose larvae are found principally in cheroots and 
tobacco, but also in opium, sahron, ginger, etc. It 
is closely allied to a similar insect now almost 
cosmopolitan, which attacks tobacco in all its forms 
elsewhere. 

The two Red Grain Beetles ^ are very common 
ill India, feeding upon grain, biscuits, and having 
a great liking for dried insects. Both are cosmo- 
politan and they are distinguishable only with 
some care. 

The Areca Nut Weevil^ is a widely 
spread insect which attacks the areca nuts 
and is also a common insect in old dry 
cotton bolls; its larvae live in the seeds of 
old cotton bolls left on the plants, and 
immense numbers can be bred from them. 
Probably the insect has many other foods. 
Finally, the notorious ^^Cask WeeviF^ may 
be mentioned, a species found to attack 
beer casks in India, not from a taste for 
the contents but for the wood which is its 
natural food. This species is the Sugarcane 


Weevil ^ of the West Indies, 
an insect attacking diseased 
canes and at one time be- 
lieved to do much harm. 

In addition to the above 
species, there is a distinct 
family which attacks pulse. 

These beetles lay their eggs 
on the dried pulse, small 
yellow eggs very closely 
resembling certain scale 

1 Lasioderma iestaceim. Duft, (Ptinidao.) ® Amcerus fascioulatus. Deg (Anthribidse.) 

2 Tribolwm ferruffinewm^ P. and T. ^ Xyleborm ^erforans. Woll (Scoljtida).) 

Confumm. Dw. (Tenebrionida?.) 



Fiu. 304. 

The Sam Toothed Grain Beetle, Lama in the middle ; 
on the right, [Magnified^ 




Fm. 302. 

The Wheat Beetle. 
{Magnified.) 
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insects. THe grub eats into the seedsj making a neat cavity wbieli just bolds 
tbe insect^ and lives there until pupation when it prepares an exit for the 



Pig. 305. 

The Cheroot Beetle, Bn;pa on the right; harm in the middle, (Magnified.) 


beetle by cutting a neat round disC; not cutting it through but leaving it so 
that the beetle can escape easily (fig. 808). These pulse beetles are of 
peculiar form and easily recognisable. They attack the common pulses 



Pig. 306. 

Larva and imago of common Leather Beetle. {Magnified.) 


of India in the dried condition and have not been found upon the grow- 
ing plants as they are elsewhere. At least two species ^ arc common in 


* Bruchm cMneneis, L. (Bmchidsa.); and Bruehm emarginatus. All (Bnicbicla).) 
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pulse and a third is recorded in tamarinds.^ Several wild species have 
been found and wild leguminous plants are probably extensively attacked. 



Fig. sot. 

The Hed Beetle. {Magnified.) 

Moths are also injurious to graiii^ flour and similar products; and it is 



Pig. 308. 

Beam attacked hg leetles, sJiowing the holes of exit made Ig the heetles and the 
discs Gilt in the sMn, 


uncertain as yet which species are concerned. One small moth; known 

^ Caryoloms gonagra. F. (Bruebidee.) 
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the Anjoiimois ' Grain Motli, lias been found attacking corn. Tins moth 

lays its eggs on the graiiij the 
larv£e eating straight in and 
spending their larval life 
within. The moth is a small 
handsome insect^ found flying 
in granaries and ware-houses. 
At least one other ^ moth is 
common in India on flour and 
meal. The larva of this species 
is found making silken web- 
bing to which the meal becomes 
attached, the whole forming 
galleries in which the larva 
lives. These peculiar webbed 

masses of meal or flour are 
The Tamannd Beetle. Larmheloiv ; mpa on . , • ^ 

He right. (Magnified.) characteristic and easily seen. 



Fig. 309. 


Treatment, 

Tood-grains; dried food-stu:Es and seeds of all kinds are liable to the 
attacks of these insects and are sure to be infested sooner or later if 
precautions are not taken. The following are the principal precautions 
which should be adopted in. the preservation 
of all seeds, grain and food-stuffs from insects. 

(1) Before placing seeds in a godown or a 
room of any description, make sure that it is 
clean, and that there is no refuse or spilt grain 
in which the insects could breed or hide. 

(2) Never store seeds that are already 
infested with insects or that could be harbouring 
grain beetles ^ one beetle is sufficient to infect 
the seeds, and the increase in a few generations 
of beetles will be sufficient to destroy the seeds. 

(3) Keep all grain, seeds, etc., in tight 
vessels. It is useless to store grain in an open 
receptacle, exposed to weevils. Sooner or later 
insects will come to the grain and lay eggs 

^ Q-eUchia cerealella, Oliv, (Tindid®.) j ® JEpJiestia cahiriiella. Oliv. (Pyralid®,) 



Fig. 310. 

The large Tube Beetle. 
(Magnified) 
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there. Either the wliole ^odowii nii'ist. be insect-proof or tlie seeds must be 
kept in tight vessels. A bamboo basket is not insect-proof unless well 
plastered with mixed mud and cowdung. If there is anywhere a crack 
large enough to admit a grain 
weevilj tlie grain will bo spoilt. 

(■t) If stored grain becomes 
infested with weevils^ it must be 
removed and cleaned. Even in 
an air-tight bottle or jar, weevils 
will live and breed if they are 
put in with the grain. If once 
the grain is infested, it must be 
taken out and cleaned so as to 
separate the good grain from the bad. Sucli grain before being replaced in 
the godown must be cleared of insects by fumigation. 

Seeds and grain can be kept safely only in air-tight vessels or in 
insect-proof places, but this is not sufficient as the grain when put 
in may be infested with the eggs of grain beetles. If grain is stored, 
it should be examined after storing to make sure that no insects are 
breeding in it. 

There is no treatment known that will make a seed proof against 



I'm. 311. 

Tkc Gram Bcefie, 



Fl&. 312. 

Mmr Matli. C<ifer]piUar ,* mses of -flour md mlling ; ptfa {on right) $ 

{Magnified) 

weevils and not impair its germination or food value. Seed cannot he 
kept unless put away free from infection and kept so. It is easier to 
keep seed free from insects than it is to be sure that, when put away, it 
is pot infected ^ the principal difficulty with the storage of grain on any 
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large scale is that, when stored, it is already infected. Fumiga- 
tion alone will ensure that the seed is 
entirely free from insects or insect eggs ; 
fumigated seeds can he safely stored 
but are not safe if improperly stored; 
if seed is fumigated to-day, we know 
we can store it as being free from 
weevils, but if we leave it exposed 
for another day, it may be infested 
again. 

The best method of grain preserva- 
tion is then to fumigate it and at once 
store it in insect-proof bins or jars or 
boxes, or in an insect-proof building. 
A dry underground pit is suitable, if 
properly insect-proof. Fumigation is a 
process of exposing grain, seeds, etc., to 
the fumes of carbon bisulphide at a proper strength for a definite period; 
grain exposed to the fumes of carbon bisulphide at the rate of 1 oz. per 
15 cubic feet of space for %4i hours will be free from all insects ; even the 
eggs of the insects will be killed and the grain can be removed, the fumes 
allowed to evaporate and the grain at once stored. Where large quantities 

of grain are put into a 

godown till it is full and 
there is no extra air 
space, we may use one 
to one and a half lbs. of 
the fluid per ton of grain. 

For fumigating jars or pjg_ 2 
small vessels, one tea- 
spoonful (1 drachm) of ^ 

the fluid may be taken 
for every cubic foot of 

As carbon bisulphide 
is an inflammable and un- 
pleasant liquid to handle, 
certain precautions must 
be observed:— 

(1) Keep the bisulphide in stoppered (not corked) bottles under lock 
. key, and in a place where it will not be liable to be thrown down, 


\l/c/ 


flange 

Tin Lining 


Gutter 
- 1 in, ^ 


I I 


■S/de 

of 





(2) Wlien fomigatin^j do so in a place io wliieli no one can g-ef 
access while fumigation 


is proceeding. 

(o) Allow no lights, 
no pipes, cigarettes, or 
any form of fire near 
the fumigation. 

(4) Should tlie smell 
of carbon bisulphide be 
noticed, do not go near 
with a light. 

(5) There is danger 




w/m 


from the vapour only if 

it is mixed with air and it eaii be readily smelt ; should the bottle leak, 
remove it, pour the fluid into another bottle and air the room or tlic place 
wh(‘re the smell is noticed. 

(0) Do not stand a bottle of carbon bisulphide in the sunlight or 
in any ])lace where it will become hot. 

(7) Never take a bottle of carbon bisulphide near a fire or lighted 





For ft migating small quantities of seeds, the box figured above can 
be used; the lid of which fits into a groove filled with water which forms 
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an air-ti^^lit cover. Any really air-tight box^ bin or vessel eaii be nscd 
for fumigating. 

Provided the strength and period moib 
tioned are not exceeded^ no harm mil 
be done to the grain either for food or for 
seed. 

Many beetles are found boring in bam- 
boo and dry timber. These belong chiefly 
to a single family of small cylindrical brown 
beetles, the prothorax hard and round, the 
head more or less concealed, the general 
structure fitted for life in the cylindrical 
tunnels made in the wood. The life history 
is passed in the bamboos or other food. 
Bamboos are soaked in water in the belief 
Bamloo^lorinig Beetle. that this afiords protection and makes the 
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bamboo unpalatable to tbe insect. 
There is apparently good founda- 
tion for the belief though the 
precise way in which the water 
acts is not known. Soaking in 
salt water is also said to be effica- 
cious. In general a varnished 
bamboo is immune from attack 
so long as the varnish is not 
worn, as is a painted one. Soaking 
in kerosene or painting with 
kerosene, followed by an application 
of linseed oil, is good not only 
for the bamboos but for fuiniture 
and all wooden articles that are 
attacked. This is effective when the 
wood is already infested. Where 
bamboos are to be used in tbe roof 
of a house or in any 
position not in a room or exposed, 
painting with a solution of arsenic 
is a sufficient protection. 



Eio. 315. 

Areca Nut WeewL 

a, larva s b, pujpa; c, d, mago. (Magnified*) 





chapter XX. 

INSECTS ATTACKING CATTLE. 

I N tlie moat varied situations and under most adverse circumataiieesj 
we find insect species wliieli liave adapted their life-history, their 
habits and their stiuieturc to new and wholly distinct surroundings. It 
is tlierefore not surprising that we find distinct branches o£ insect life, 
wholly adapted to obtaining their food from living warm-blooded animals. 
Though lacking the extraordinarily well-adapted life histories of the 
parasitic worms, these insects are not behind others in the ingenuity of 
the means whereby they overcome adverse conditions : their habits have 
no i)arallel in other insects ; their structure is profoundly modified to iit 
them to their surroundings, and they form an extraordinaril}-’- interesting 
grou]). These insects are gathered from very diverse parts of the animal 
kingdom j the bird lice are IS'eurojytvra ; the cpiaint West African rat 
parasite is one of the Orbhopkra ; the beaver parasites are Col copter a j most 
parasites of cattle are Diptera. The fleas are an abnormal gro\ip probably 
near to the Diptera, and the common bug is one of the Jlemiptera, whilst 
linally the lice are abnormal erratic creatures which find no place in the 
larger groups of insects. It is not 2)ossiblc here to discuss all of these ; 
the fleas, flics and other ereattires that affect mtm^s welfare are beyond 
the scope of this book, and we are concerned solely with those insects 
which, affect cattle and domestic animals, the flciis, house-flies, gml-fiies, 
biting-flies, bot-flies and flesh maggots, whilst xve may include the ticks 
which are not insects, though closely related. 

Pleas. 

Small laterally compressed insects, with imperceptible wings and great 
leaping powers, which infest warm-blooded animals. They lay eggs in 
dirty places, in corners, on the hair of animals, etc., from which Imtcli 
■white maggots, worm-like in appearance but witli distinct head, which feixi 
on blood, animal matter, refuse, etc. These pass through a pupa stage, 
emerging as the imago which leads a parasitic life on mammals and birds. 

The whole life-history occupies about one month at the shortest. 
Meas breed pm*tieiilarly in dirty places frequented by animals, laying 
their eggs in places where animals lie down. Cleanliness is the greatest 
check on them. Meas should never be allowed to breed in a house and do 
so only because there are domestic animals in the house which sleep in 
the house and arc not properly cared for* 
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Recently tlie part played by the rat flea in tbe dissemination ot 
plague has been discussed by Captain W. G-. Liston. TMs article^ 
should be read in full; but his conclusions briefly are that the rats^, infested 
with fleaS; get plague^, infect the fleas and die ; then the fieas^ with the 
infection of plague in them, have no food and attack any available 
animal ; should that animal be man, he gets plague from the bite of the 
flea. The flea in this ease is simply the transmitter of the plague, and 
only attacks man when its proper food (the rats) have died of plague or 
migrated. If experience bears out this theory, the importance of the 
flea is immensely increased and the commencement of plague epidemics 
can perhaps be checked. 


Ticks. 

The commonest external parasites of cattle are ticks, creatures which 
when full grown have four pairs of legs and are allied to the mites, 



Piu. 316. 

The Tersian TicTc. [Magnified.) 

spiders and other aracJmd$, They may be seen fastened to the skin 
of cattle and grow to a large size. Specimens have been sent in from 
almost every domestic animal in India, and, in one case, the Persian Tick ^ 
was found upon human beings. 

^ Journal of the Bombay Natural History Society, XVIj 2> p. 253, April 1905. 
ioua. P. 
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Tlie li£e-liistoiy of ticks in general is a simple one. Tlie full grown 
and Ml fed female drops from tlie skin on to the ground and lays a 
largo number of eggs in a mass; these eggs hatch to small active 
creatures^ with three pairs of legs^ which run about on vegetation 
and are believed to feed upon the juices of plaiits. They fasten 
themKselves upon the skins of animals as they pass through the 
vegetation and then moult, becoining fully developed with four pairs 
of legs. There is a large number of speeies, some of importance in 
eonnnunicating disc'ases to cattle and dogs. The treatment of the above 
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insect and ticks is a matter generally of, expert veterinary knowWge, 
many applications that kill the insect being harmful to the animals. 
General cleanliness in the stables^ cattle-sheds and lowl-hoiia*s is very 
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important, Washing animals with various carbolic preparations is 
advisable and there are special cattle dips^ horse and dog washes prepared 
and sold. For cattle and dogs^ the insecticide known as crude oil emul- 
sion is a safe and simple application^ killing all forms of life in the skin 
and improving the condition of the coat. This emulsion mixes in water 
to any strength and can be worked well in ; it can be left to dry on or 
be washed completely out of the skin with a little water. For some 
animals it is far better than carbolic preparations^ wliich should iiotj 
for instancGj be applied to dogs at all. 

Lice. 

What are generally termed lice are insects belonging to two 
distinct orders^ the biting lice [Uewroptera] and the sacking lice (allied to 
EemipteTa)* The former are small insects, found upon the hair of 
domestic animals and in the feathers of birds. They do not feed upon 
blood but upon hair, flakes of skin, etc. Birds rid themselves of these 
pests by taking dust baths, rolling in the dry dust which penetrates the 
feathers and is believed to check the lice. Siicldng lice are small 

flattened insects without wings 
found upon the hair of pigs, 
goats, cattle, buffaloes and other 
animals. They extract the blood 
by . means of a fine suctorial beak 
which is barbed, and their 
continued presence causes sores. 
These are included among the 
horrible creatures which infest 
the skins of human beings, parti- 
cularly of those of uncleanly 
habits. No reasonably clean 
person who uses soap is infected 

mt -n 7 t- (-nr ^ peculiar species with 

TM BamcMsim Qad-Fly. [MagmfiedA , ,, . 

long proboscis is said to attack the 

elephant, but it is not known if this occurs in India. 

Qad»Flies. 

Large active flies, quick and strong on the wing, which bite 
cattle, horses and human beings, often drawing blood. These flies are 
familiar to any one who travels in the lower slopes of the hills, in 
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im'csts, and well-^vooded places. They are powerful insects^ witli a 
strong sliai’p beak; settling on the skinj tliey pierce it and suck out 
the blood. 

Many speeies are found upon cattle^ liorses and other animals, and these 

bite man freely. 
They principally 
breed in forests. 
The larva of one 
species has been 
found in India 
in small pools in 
the forests and 
the others prob- 
Fio. HlU. J^hly have similar 

of y&iuipolf, Assam. {Maj/nified twice.} liabits. 



Horse Flies. 

A family of peculiar Hies, much flattened, which settle on liorses, 

cattle, dogs, etc., and 
live on their blood. 
They are characteristic 
in appearance, and 
usually marked in brown 
and yellow. They can 
be found on almost any 
domestic animal and on 
birds. 

Their life-Hstorj is 
peculiar, in that the larva 
does not leave the body 
of the parent until Ml 
grown and is produced 
ready to pupate, which 
it does at once. The iy 
therefore appars to lay 
a pupa, from which the 
new fly very soon comes. 
This is a most striking 
Fia. 820. adaptation to parasitic 

Mms i%. (Magnified,} life as there is no larval 
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stage to provide for. Tiie flies are in most cases very active and 
fly from animal to animal, but tliey often stay in the hair or 
feathers of a single host for a long period. 


Bot Flies. 

A number of flies do not feed themselves on the blood of cattle, 
but their larvae live in their tissues. These larvge are kiiOAvn as 
hots or warbles and have been found in India in sheep, cattle and 
horses. The sheep hot-fly deposits eggs or living maggots in the 
nostrils of the sheep, the maggots crawling up the nostrils and fixing 
themselves upon the mucous membrane of the nasal cavities. They cause 
great irritation, much mucus is produced, on which they feed and they 
injure the delicate nasal membranes. The maggot remains there until 
nearly one inch long, when it loosens its hold and is thrown out on the 
ground j it pupates in the ground and the fly presently emerges. The 
remedy is to prevent the fly from laying eggs by rubbing the nostrils 
with tar, train oil or other sticky applications, whose smell drives oE the 
fly and renders egg-laying impossible. 

The horse bot-fly lays eggs on the hair of the mane, the shoulder, 
the knee or some other part within the reach of the horse^s mouth. 
These eggs are fixed to the hair and when tlie maggot hatches, it is 
licked off by the horse and swallowed; it then attaches itself to the 
membrane by means of the hooks in the mouth and feeds by suction. 
When full fed it passes through the alimentary canal to the ground where 
it transforms to the pupa and emerges as a fly. 

The cattle bot or warble-fly is found as a larva under the skin 
of cattle, buried head downwards in the tissues with the hind end of the 
body towards the opening in the skin; air is obtained through this 
opening and drawn in by the two large spiracles on the last segment. 
The maggot feeds upon the putrid matter produced in the sore ; when 
full grown it forces itself hack through the opening in the skin and falls 
to the ground, where it pupates. This insect causes a large amount of 
damage to the hides, warbled hides being of very inferior value. The 
condition of the infested animal is also bad. Treatment for this and for 
other bot maggots is a veterinary matter, which should have the atten- 
tion of a qualified veterinary man. It takes the form of sticky smelly 
mixtures to prevent egg-laying, the removal of hots from the skin by 
pressure or the destruction of hots by appheatiott of grease or ointment. 
The species discussed above are the most common ih India, as elsewhere. 
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Muck lias yet to be learnt of them and of the bots which probably attack 
wild animals in India. Cases arc on record of bots in human beiiig’Sj but 
no precise details are available. 


Biting Flies. 

At k^ast one species of fly, allied to the notorious tse-tse fly of 
Africa, is found in India biting cattle, horses and man, This insect ^ 
is not imiversally tlistribiited in India ; it breeds in manure, decaying 
v(\getation and filth in places where animals are kept. The life-history 
occupies three weeks,' and the flies arc found sitting on trees and plants 
near their breeding ])laces. 

They suck blood from cattle, liorses and man, biting particularly 
In the early morning: the lute is said to be painful. This fly is 
insfrumeutal in the spread of surra iu horses and other animals. 
It is kept in check by hymenoptero\is parasites which are found in the 
larva) and pupiie. 


Screw Worms, 

Certain flies lay their eggs or larvio in wounds on animals, the 
maggots living in the wound and setting up inflammation ami blood 
poisoning. The Screw Worm of the United States and the West Indies 
is notorious as a destructive pest, even attacking man and causing death. 
Similar maggtfls have been found in wounded cattle in India, though 
it is not known to wlmt species they belong. These flies are allied to 
tlic common flesh flies and house flies, tbeir normal brcwling place 
being decaying animal matter. ‘ The treatment consists in smearing 
wounds, sores, etc*, with antiseptic mixtures such as caxlwlised oil ; a clean 
aseptic wound is not infested. If larvie are already in the wound, 
tluy should be removed, the wound washed and plugged with antiseptic 
dressing. Such maggots are by no means uncommon in human beings in 
India and are due solely to uncleanness and the neglect of wounds and 
sores. The actual species concerned has not been ascertained, 

) ealeiimus* 

“ As worked out bjf P. 0. FaM la Koigpob. 



CHAPTER XXl. 

BENEFICIAL INSECTS. 

N classing onr insect life according to its food^ we pointed out that 
whilst a yery great number of insects feed directly upon vegetable life, 
a further large number derive their food from 
other insects. The latter we may term 
beneficial insects^ since they are the greatest 
natural check upon the increase of the des- 
tructive insects which attack growing crops. 
Beneficial insects play a very important part 
in the economy of nature. Such is the rate of 
increase of the majority of herbivorous insects 
that they would, if able to breed continuously, 
overrun the earth and devour all vegetable 
matter. To this enormous increase is opposed 
a variety of conditions and forces, which 
result in regulating the increase of all classes 
of life. Climatic changes periodically put a 
check to the increase of animal lifej the 
absence of food is a check, which is however 
largely inoperative under the conditions of 
modern agriculture ; when these checks fail, 
the action of the beneficial insects becomes 
apparent, and we see one class of insects living at the expense of another 

and proving itself 
directly beneficial to 
man. These insects 
can be regarded as 
forming three large 
divisions : the para* 
sites are those which 
live as larvse with- 
in the bodies of 
their hosts ; the 




Fig. 321. 

An Ichneumon ^afasiUo on 
large caterpillars, 
(fifatnral size.) 


Fig. 322. 

The parasite of the Moth’-borer Caterpillar of Cane. 
{Magnified,) 


are those which store 
insects for the 
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nonrislnnent of tlicnr and the predaton in general feed themselves 

upon living insects. 

Parasites are found in the majority of species of insects ¥111011 have 
been rearid in India in captivity. The ^ichneumons ^ are Ej/menopiera^ 
not unlike wasps in appearance, which lay their eggs on or in the bodies of 

caterpillars, the larva which hatches 

nourishing itself at the expense of ' ( 

its host (fig. 3S1). The caterpillar 

continues to live and feed, moulting ' ‘ 

as usual; the parasite meanwhile 

grows larger and finally causes the 

death of its host. In many eases 

the larva comes out of the body, and 

iiirns to i.he pupa outside. In other ' ’ 

cases it remains within the dead 

body until it emerges as a winged 

insect. Caterpillars containing — ® 

parasites freipientl}* die before they 323. ^ 

«m bewme elnysalidos j hi some 
ejises they become chrysalides and 

then die. A caterpillar may contain one or many parasites; as many 
as seymity small iehnevimons havt^ been reared from tlie body of a Cotton 
Steni“bor<‘r. Ichneumons <'an be eapturt^ in the field or more readily 
obtained by rearing various caterpillars and grubs, which will yield 
ichneumons in many cases instead of the perfect insect. Ichneumons 




Pig. 323. 

Prtmsite of Uio ^^t/rphts. 

{Map nifie(f five limes.) 






27 


•RTT.-NTF’Ti'TnTAT. TN'SEC: 


already living in the body of a caterpillar ; 



Eig. 325. 

I’l/y w^iose maggot is a parasite on leaf -eating 
Caterpillars. {Magnifed.) Fupa 
helow. natural size. 


we then have one ichneumon 
parasitic upon another;, a 
singular phenomenon, Avhieh 
cheeks the too great increase 
of the beneficial insects 
(fig. 323) . Ichneumons also 
lay their eggs in such small 
insects as aphides, and even 
in the eggs of insects. 
One species lays its eggs in 
the eggs of the moth-borer 
of sug’arcane and the eggs 
of many insects are thus 
destroyed. 

Besides the ichneumons, 
there are the parasitic flies, 
a large group of Diftera 
which behave very similarly 
to the ichneumons. These 
flies (fig. 325) resemble 
house-flies and are common 
in the fields. They lay 


their eggs on caterpillars, 
and other insects, the maggot that hatches destroying the caterpillar. 


As in other flies, the full grown 
maggot forms a brown seed-like 
pupa (fig. 324) usually coming 
out of the caterpillar before it 
does so. A species of parasitic 
fly lays its eggs on the Bombay 
Locust and another on the Bed 
Cotton Bug. 

As a rule every species of 
parasite is found only on one or 
a few insects. The parasite 



of the Cotton Stem-borer is not 
the same as that of the Moth- 
borer of sugarcane. Parasites 


X xw. o^u. 

The parasite of the maggot of the Xtice Stem 
Fly. (^Magnified,) 


that we rear from distinct insects are usually distinct themselves, though 


the same parasite may be found in two species of insects •which are 


very much alike. Every abundant caterpillar and very many beetle 
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gTnbs^ fly maggots, etc., have their parasites ; but parasites tliemselves 
are depenchuit upon these insects for food and become exterminated if 
their host is exterminated. 

It is advisable not to destroy parasitic insects and when possible 
tlieirinereiise should be encouraged. This is unfortunately rarely possible, 
hut it is Ko when insects are collected by hand in large numbers as in 
handpirddng Tur Leaf Caterpillars, or Cotton Leaf-rollers. In such cases, 
ilie eolleeted larvas and pup^e should he placed in any closed receptacle, as 
for instance, a ])ox or an earthen pot covered with cloth. Whatever 
parasites ihcre arc hatch out, and wlien the box or pot is carefully opened 
in 11 k^ light they fly away. As a rule the moths or butterflies that also 
hatch fly only in the dark or are too large to escape through a,s small an 
opening as the parasites can. Whenever X)Ossible it is advisable to put 
Hiuh collected insects into a box covered by a ])ie(‘e of glass j as the para- 
sites (tollect on tlu^ glass, the moths hkh^ away. If the glass is gently 
lifted tlu^ parasites escape to continue their useful work. 

This applies also t«5 eggs of inseets, which, when collected, should 
not be burnt hut placed in a vessel surrounded by water ; the inseets that 
hatch from the eggs cannot escape, hut the parasites can fly away. 

The stinging predators 
are a small group of llpi 
piera, w'hich have instincts 
of so high an order as to 
excite the a^lmiration of all 
who study them* We may 
describe the life of one,^ a 
common insect in the plains. 

This insect may be found in 
the fields flying among the 
plants evidently seeking for 
something. If watched with 
patience, it will be seen to 
seek for caterpillars, those 
green caterpillars so com- 
mon on gram, tobacco, and 
other crops* Having fonnd a large green caterpillar, it flies to it, seizes 
it, and stings it on the lower side j the caterpillar struggles, but the wasp 
holds fast and repeatedly stings along the lower surface between the legs. 
The caterpillar then becomes motionless and is helpless ; the wasp seizes it, 
and flies off to a little distance where it has prepared a hole in the ground ; 



catitpllun mi laysihm ny i 
mi nsds f&r its yom^. 
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tlie hole is a narrow tunnel extending perhaps one inch into the soil ; into 
this hole the caterpillar is dragged, and laid at the bottom ; the wasp 
lays one egg upon it and comes out ; it then fills up the hole with small 
lumps of earth, smooths it off carefully 
and goes away to repeat the process. 
If the caterpillar is dug up and kept under 
suitable conditions, it is possible to see what 
occurs. The egg hatches after a few days 
and the small white grub fastens on the 
caterpillar, piercing the skin and pushing 
in its head. It feeds upon the caterpillar, 
wliich lies still and motionless, and as it 
grows larger it stretches into the body of the 
caterpillar, slowly devouring it. In time the 
cater- Caterpillar is eaten out, only the skin remain- 
pillars. ing, and the grub has grown into a large 

white insect. It then spins a cocoon of tough silk, within which 
it turns to the pupa and eventually emerges as a wasp. It mates 
and, if a female, does as its parent did, preying upon green caterpillars 



(fig. 328). 

The habits of this insect are similar to those of all the stinging 


predators. The singu- 
lar fact is that the 
caterpillar is stung in 
such a. way as not to 
kill it hut to paralyse 
it. If the caterpillar 
were dead, it would 
decay and the grub 
hatching would find 
no food ; if the cater- 
pillar were alive and 
could walk, it would 
walk away with the 



PlO-. 829. 

Ziady-hird Beetle and its grul, {Magnified and 
natural size,) 


which would be killed by exposure to sun and air. By paralysing 
the caterpillax the mother ensures a supply of living food for her 
young. Stinging predators are common in the fiields; some make 
nests, others bury their prey in the ground, some are to be found 
in our houses (fig. 327). They prey upon all manner of small insects, 
upon spiders, and upon some of the larger insects. Their habits are 
^xtremeljjr diverse and display an ingenuitjr that lias excited the admiratioii 
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4.IG. 330. 
Six-spotted Lady -bird Beetle. 


of all naturalists. They are distinctly beneficial and aid in the checlang' 

of insects throughout the year. « • . 

Lastly we have the predators/^ a vast number of insects 
^ vrhich live by capturing and devouring 

other insects. These are really of two 
hinds, those wliich we find specially attach- 
ing particular classes of insects, and those 
which catch and devour all that they are 
able to. 

Of the first, there are many which are 
found attaching plant-lice, mealy bugs and 
scale insects and those should he familiar to 
every one. 

The Lady-bird Beetles are small rounded 
beetles, about the shape of a split pea, 
coloured in red, yellow and blach as a rule. 
The life-history in all is the same, and we 
may describe that of the eoromonest beetle in India, the Six-spotted 
Lady-bird Beetle.' 

The female beetle deposits her eggs on plants where there are 
colonies of green-% {afhk) or other food for the young. The eggs 
are yellow, almost cigar-shaped, about one-twentieth of an inch long, 
laid in little clusters of 10 to 20 eggs. In four or five days the 
eggs hatch, a tiny dark-coloui-ed grub coming out. The grub has 
three pairs of legs, a body set with spines and tapering to the hind 
end, and is nearly black. It runs about, 
feeding upon other aphides and it is very 
voracious; it rapidly grows larger. Yellow 
and white spots appear on it after some 
days and it is then more easily recog- 
nised, The grub does not grow to a 
length of more than about one-quarter of 
an inch, living for about ten days. It 
then fixes itself head down by the tail, 
and the skin is shed, exposing the pupa. 

The pupa is round, hanging from the 
plant, of a dark-red or orange colour 
with black spots. Great numbers of these 
may be found on the plants when aphides 



'Em. 331. 

Seven-spotted Lady-bird 


are abundant, and they are very easily seen on t he leaves. 


. OThilorti^nesXs^xmafralata "E, 
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After about six days tbe beetle comes 


out, audit too feeds upon aphis. 



X4.U-. UOM, 

Gtreen Chri/sopa. (Magnified.) 


The beetle is shaped like a half pea, 



the wings coTcring most of the 
body. There are six little black 
spots on the upper surface, the 
general colour being yellow or 
orange. The beetle has good 
biting mouth-parts and feeds 
aotirely upon aphis. The females 
lay about 90 eggs each, in little 
clusters, and then die. 

The life of this beetle may be 
long or short, depending upon 
whether it can find food for itself 
and its young, when it will lay 
eggs. Large numbers of beetles 
are found during the cold weather 
and dry weather before the rains, 
seeking for aphides on which to 
feed. These beetles probably live 
a long time. When food is plenti- 
ful, the whole life from_ egg to 
perfect insects does not exceed 
four weeks, and one brood succeeds 
another rapidly. 
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As eacli beetle lays nearly one hundred egg's, and each grub that 
comes out eats from one to two hundred 
aphis per day, the destruction of aphis 
may be very rapid, This beetle is 
very abundant over a large part of the 
plains in India feeding principally upon 
cotton aphis, "With it is another,^ the 
Seven-spotted Beetle, which feeds upon 
wheat aphis in particular and becomes 
enormously abundant in aphis-infested 
wheat, 

Fio. 334 Other species include the very small 

brown beetles/ , whose larvjs are 




¥l<3t. 335. 

JBroucn Clrysofa Tn$a, (Magnified.) 


clothed in dense white 
processes which give 
them the appearance of 
a mealy bug. These 
larvse are found feed- 
ing upon cotton aphis^ 
on tur aphis, on the 
cotton mealy bug and 
on many other com- 
mon insects, There is 
a large number of 
other species common 
in the plains, but the 
above are the most 
important. 



Green Chryso^a. 


The lace-wing flies are very 
delicate green or brown insects, 
with large wings and golden eyes, 
which are found commonly upon 
plants attacked with aphis. They 
lay eggs which have the appearance 
of a rice grain set upon a small 
stalk. A number of these are laid 
together in a cluster on the leaf of 
the infested plant. 


‘ Ccceinella septem^mciafa I/. 
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The larva fcliat liatclies is an active spiny insect^ with long 



sharp jaws; it runs about the plant seeking for aphis and when 
it finds one, the jaws are inserted and the 
juice sucked out till only the shell is left. 
In some species the larva covers itself in the 
cast skins of its victims and goes about with 
a thick mass of them on its back. This 
larva destroys a large number of the aphis 
before it pupates ; the pupa is found in a 
small white cocoon or in a fold of the leaf 
under a thin covering. These insects are very 
numerous in the plains, though they commonly 
escape notice. A bad attack of aphis brings 
them in numbers and the flies are attracted to 
light. 



i' 


Fi&. 338. 

IBgg cf SyrpMs 
My laiA on leaf, 
{Natural size 
and nvmh magnified,) 



Fig. 339. 

of Bgrfhm My^ {H^agnified five times.) 





StRPHUS FLIES. 


The Syrphus flies are another important check on the plant-lice and 
may be found in any field where a crop is infested. The fly is a graceful 



Fig. 340. 

Grub of S^/rjpJius Fly. {Magnified, five iimes.) 



Fig. 341. 

case of Syv^hus. [Magnified five times.) 



Fig. 342. 

( My. [Magnified five times^ 

two-winged fly^ coloured in black and yellow, which “ hovers in a 
very noticeable manner, remaining motionless on the wing suspended in 
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the aii’j large Eumbei’s caa be seen in a wheat-field where aphis s 

abundant. These flies deposit small 

I — — I eggs singly on the wheat near the 

colonies of aphis; a maggot hatches, 
formed hke the typical fly maggots, 
thick at the hind end, tapering to a 
point at the headless front end, with a 
pair of strong hooks in the mouth; 
the maggot is green and moves slowly 
about the leaf, feeling in every direc- 
tion. It is blind and strikes about 
it in a curious tentative fashion, feeling 
for a victim. The plant-lice caught 
by it are drawn in with the hooks, 
Fig, 343. sucked out dry and thrown aside. 

Ground Beetle tU6 attach ihe i/ouns^ These mao*ffots demolish whole colonies 
Kortli-West Locust. 

of the plant-lice and finally turn to 
the pupa on the leaf. At least one is very common in 

the plains, feeding on aphis of all 
kinds. 

Many insects are found feeding 
tipon special destructive insects. 

The Six-spotted Tiger Beetle^ is 
abundant in rice'-fields in Bengal ;, 
it flies with great rapidity and feeds 
tipon the Rice Bug* A ground 
beetle^ is said' to feed upon the 
young ISTorth-West locusts. The 
larvae of other ground beetles feed 
Upon such caterpillars as live 
exposed on the plant; these are 
small slender black insects, which 
congregate on plants infested 
with small caterpillars and destroy 
them. 

There are in addition many 
insects which prey promiscuously, 
their hfe history not being speci- 
ally modified in relation to their prey as in predators discussed above. 



The Six-spotted Ground Beetle. 



t ce^yptius. Wied. (Syiphidffi.) | * Cieindela sex!Punctata L, (Oicindelidse.) 
^ Calosomtit orientate Ho. (Carabidse.) 
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The dragon flies (fig. page S93) wliicli liawk in the sunlight are catching 
small flying insects and must account for a vast number of the smaller forms 
of insect life daily. The praying mantises 
are common in jungle and bushy vegetation, 
where they wait for butterflies and other 
large insects. The ant-lion in its pit destroys 
the smaller creatures that walk on the soil. 
Wasps when hungry catch caterpillars 
and eat them; the M antispa and the 
Fanorpids lurk in the deep woods and 
jungles, hunting down the weaker flying 
insects for their food. Everywhere on 
the soil are the ground beetles, the flat 
dark beetles which live wholly by their 
prey and which gather so abundantly 
where insects abound. Even underground 
the mole cricket and the hherwa drive their 
tunnels, seeking out the grubs and other 
insects hiding there. In the bark of trees 
are many beetles, wholly carnivorous and 
devouring the many. forms of insect life 
that dwell there. Even the plant-feeding 
caterpillar is in some cases predaceous, ,the 
caterpillar’ of one butterfly ^ and several 
moths ^ feeding upon mealy bugs. Among the flies the big hairy 
robber-flies are predaceous and catch grasshoppers, bees, wasps, and 
other strong insects. Many other Dipt era are predators, as are a large 
part of theibugs, distinguishable by their curved beaks. The total list 
would be a very long one and embrace parts of the large orders and of 
very many families. 

Predaceous insects ate common everywhere and in every possible 
situation where other insects get food. They cannot always be identified 
as predators nntil their habits are accurately studied, and one cannot at 
sight recognise a predaceous from a herbivorous insect in every case. 

To the observer of nature, these insects are of interest, and the 
deeper one looks the more one feels the wonder of that balance of life 
which is apparently so evenly maintained. It is- very rarely that an 
insect becomes abundant and for the time outwits its foes ; the more it 
does so> the Inore do its foes prosper tiU they reduce it to its level; nor do 



epius F. (lijc^nidee.) ] * EuUmma p.j 


& Various Tineidsei. 
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the foes escape ^but they in turn are checked till all species can live and 
fill their place in the natural world, the balance of life evenly kept between 
the herbivores, the scavengers, the parasites and predators. In this 
connection we may mention the birds, which do so much to keep the 



balance even by snapping up all insects that become abundant ; an insect 
that escapes its foes and outruns its parasites is apt to fall a victim to 
birds as do the termites when they emerge in swarms ; if not to a bird, 
then to a lizard, a toad or a bat. All these are useful and all should be 
encouraged, A large number of birds are wholly insectivorous, a large 
number are partly so, and every one of these deserves protection and 
encouragement. They fill an extraordinary place in nature as they 
move from place to place, they are nearly omnivorous insect-eaters 
and they snatch up the floating balance of insect life, acting as a 
land of safety-valve. F or the birds we should plant trees, which rarely 
harbour crop pests, and especially such trees as figs on which the mynas 
gather and feed. 




APPENDICES. 




APPENDIX A. 

USEFUL INFORMATION. 


COST OF INSECTICIDES. 


T he cost of insecticides depends on the local prices of the various ingredients, but 
the following may he taken as average prices per 100 gallons (12 mannds) : — 


Es. A. r. 


Lead arseaiate , . . . . . . . .100 

Kerosene emulsion, soft soap . . . . . .300 

}f M hard ,, . . , , . .300 

Eosia wash 300 

„ compound . . . . . , . .200 

McDougahs Insecticide 3 4 0 

Crude oil emulsion , , . . . . . , 1 12 0 


The quantity of insecticide used per acre on various crops is as follows : — 


Cotton or Tur 80 to 100 gallons. 

Young Sorghum ........ 60 „ 

Sweet Potato, Groundnut, etc 60 „ 

Coffee 80 — ^160 „ 

Tea 'TS—ISO 

Mustard .......... 60 — 100 „ 

Wheat 50—80 „ 


FORMULA. 
i.—Lead Arseniate. 

Paste . — One pound in 66 gallons of water with the addition of 3 pounds of lime 
and 6 pounds of jaggery or gur if available. Stir well before applying. One ounce 
of paste is the charge for a kerosene tin full of water or for the Knapsack Spraying 
machine. 

Powder . — One pound in 100 gallons of water with 5 pounds of lime and 10 pounds 
of jaggery or gur. Stir well. The charge for a kerosene tin of water is two-thirds of 
an ounce, about a teaspoonful. 

One pound mixed well with 20 to 60 pounds of any fine neutral powder, such as 
lime, ashes, road dust, etc. 

2*— Kerosene Emulsion* 

Boil half a pound of sliced bar soap in 1 gallon of Water till dissolved, Take 
off the fire and add 2 gallons of kerosene, agitating or beating the mixture till the 
kerosene is completely emulsified. This is stock solution to he diluted with 6 to 10 
parts of water before usei With hard water more soap is required* 

3.«-^rtide Oil Emulsion* 

One gallon of emulsion mixed with 66 gaEons of cold water* The charge for a 
kerosene tin Ml of Watef is half a pint* 
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4.— McDougaFs Insecticide. 

One gallon of emulsion mixed with a few gallons of water and then made lip to 60 
to 100 gallons. 


5.— Rosin Compound. 

Powder 2 pounds of rosin and 1 pound of washing soda (sodium carbonate) 
crystals. Place these in a kerosene tin or large metal vessel, with enough water to cover 
them, and Boil. 

Continue boiling till both are dissolved and then slowly add cold water to the 
steadily boiling fluid. Water is to be added, a very little at a time, for fear of chilling 
the liquid, and the mass should gradually be brought up to 2 gallons. The liquid 
changes as the boiling proceeds, becoming thick and soapy ; after boiling for half an 
hour or longer, the liquid becomes clear, thin, of a deep brown colour. Continue boil* 
ing, pouring a few drops of the mixture into cold water at intervals ; at first the wash 
on mixing with cold water forms a slightly milky opaque fluid, but after some minutes’ 
further boiling, it forms a clear amber liquid on being mixed with cold water- 

This is the test of the liquid being finished and it should on cooling remain clear. 
To this stock solution 6 gallons of water may be added to make the strong wash, 10 
gallons to make the normal wash. One pound of rosin is used for every 4 to 6 
gallons of wash required, and half as much soda. The wash keeps indefinitely if 
properly prepared, and it is best to keep the stock solution and dilute it as required. 


6 *— Rosin Wash. 

Powder 3 pounds of rosin and add it to half a pound of caustic soda (98 per 
cent.) dissolved in half a gallon of water in a kerosene tin, Boil and when the rosin is 
dissolved add half a pint of fish oil. Continue boiling, slowly adding cold water, till 
the mixture amounts to 3 gallons. If the mixture is then a clear thin brown 
Hquid, which mixes with water producing no milkiness, it is finished and may be 
removed from the fire. Dilute with 12 gallons of water to make wash ready for 
nse. One pound of rosin is used for every 6 gallons of wash required. If caustic 
soda of 98 per cent, purity cannot be used, use a proportionate quantity of 70 per cent, 
(f lb.) or lower grade caustic. 


7. — Tobacco. 

Soak 2 lbs. of tobacco in 2 gallons of water for 24 hours or boil' for half an hour. 
Dissolve i lb. bar soap or 1 pint of soft soap in the mixture. This is the stock 
solution. Dilute with seven parts of cold water, 

8. — Sulphur. 

Mix 20 lbs. of ground sulphur or flowers of sulphur with 80 pounds of sifted or 
slaked lime or wood ashes. 

An alternative is to boil 5 pounds of sulphur and 6 pounds of lime in water and 
make np to 40 gallons with water. 

Another formula is to mix 8 pounds of sulphur with 10 pounds of soft soap in 
boiling water and make this up to 40 gallons with cold water. 
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9, — Kerosene Milk Emulsion. 

Mix and churn or shake well ; — 

1 gallon Sour milk 

2 gallons Kerosene 
Dilute with 8 to 15 parts of water. 

10. — Borer Wash. 

1 pint Crude carbolic or phenyle . Dissolve soap in hot water, stir in 

2 lbs. Soft soap (or hard soap, t tti-) carbolic. Add ten gallons of water 

1 gallon Water, hot . . . and enough clay to thicken it. 

II, .-Carbon Bisulphide. 

1 oz. per 100 lbs, of grain. 

1 to lbs. per ton of grain. 

1 drachm (teaspoonful) per cubic foot of space. 

1 oz. per 15 cubic feet of space. 

12. — Cockroach Paste. 

1 oz. Boracic acid . . , • Oitr. 

^ T i ^ well, 

2 oz. Jaggery, or syrup 

13.— Gondal Fluid. 

4 oz. Dekamali gum (Dum of Cf-ardenia 
8 oz. King (Asafcetida) . 

8 oz. Gugul (Bazar aloes). 

3 oz. Handiba hagda (Castor cake) . 

Mix well with water, add clay to thicken and paint on. It ferments and must be 
kept open. Total cost 14 annas. 

1 4 .—Soluble Arsenic. 

1 pMt TOto aisenie J EoU in water tUl dUsolved. 

4 parts "Washing soda . . . . • > 

For watering foundations, earthwork, etc., dilute with 30 parts of water. (Is an 
excellent weed-killor.) 

15.— Lead Arseniate. 

4 oz. Arseniate of soda .... Dissolve separately in water and 

10 oz. Acetate of lead ^ uiix. 

16. —Arseniate of Lime. 

1 Ih. Arsenic ..... •‘^Boil till dissolved. Makeup to 4 

4 Ito. WasMng soda ^ 

2 gallons Water . . . * . . 

Add one pint to four gallons (kerosene tin Ml) of water and add 4 oz. lime. 

This is ^ sub^titiite for le^d j 


^ Stock solution. 
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17.-- Arseniate of Copper. 


lbs, Copper sulphate . 
4 gallons Water . 


’ J Dissolve. 


Stoclc solution A, 


1 lb. White arseuic 
5 lbs. Washing soda 

2 gallons Water . 


Boil tin dissolved : make up to 
gallons. Stock solution B. 


4 


Mix equal parts o£ A and B , and dilute with 35 parts of water. 
This is equivalent to lead arseniate standard solution. 


1 8, —Kerosene and Lime. 

20 parts Lime , . (by volume) | j^oad dust or any fine neutral 

1 part Kerosene ... (by volume) ) powder will do. 

The same mixture can be made with sanitary flnid, cheap phenyle, or other carbolic 
fluids. 


STRENGTHS OF INSECTICIDES. 

The following table gives the weights or volumes of insecticides to be used, 
calculated for the kerosene tin or spraying machine holding four gallons 1 -^ 



Weak. 

Standard. 

Strong. 

Lead arseniate, powder . 

t oz. 

t oz. 

1 oz. 

Ditto, paste . . 

i oz. 

t oz. 

If oz. 

Bosin wash, stock solution , 

2 pints 

3 pints 

5 pints. 

Eosin compound, stock solution 

3 quarts 

1 gal. 

If gal. 

Kerosene emulsion, stock solution . 

2 pints 

3 pints 

5 pints. 

Crude oil emulsion 

J pint 

pint 

1 pint. 

McDougaPs insecticide and fungicide 

I .. 

i » 

1 « 

Tobacco decoction 

1 

1 « 

2 pints. 

Kerosene milk, S. solution 

2 pints 

3 pints 

5 „ 


Arseni.— The fatal dose for ,an adult is fi'om one to two grains, equivalent to 
three to five grains of lead arseniate, obtainable by drinking froip half to n tfiird of a 
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pint of standard wash. The antidote is an emetic followed by oil and lime water, soap 
snds or milk; an emetic is made by mixing mustai’d flonr lone tableapoonfnl, common 
salt one teaspoonfiil, and water ten to twelve ounces. 


WEIGHTS AND MEASURES. 


16 dram . 1 ounce (oz.) 

16 ounces . 1 pound (lb.) 

28 pounds . 1 quarter (qr.) 

4 quarters (112 lbs.) 1 hundredweight (ewt.) 

20 hundredweight 1 ton 

4 gills . 1 pint (pt.) 

2 pints . 1 quart (qt.) 

4 quarts . 1 gallon (gal.) 

1 fluid ounce weighs 1 oz. 

1 pint (20 fl. ounces) of water weighs lbs. 

1 „ ( „ „ ) of kerosene weighs 13 J oz. 

1 lb. of kerosene measures 1^ pint. 

1 pint of slaked lime weighs 13—14 oz. 

1 pint of lead arseniate powder weighs 28 oz. 


1 gramme 
1 kilogramme 
1 ounce 
1 pound 
1 litre 


15-432 grains. 

35 oz. 120 grains. 
28-35 gramme. 
453-58 
35 1 fl. 02. 


2^ tolas. 

8 chittacks, 

14 seers. 

1 maund 14 seers. 
27| maunds. 

10 chittacks. 

1 seer 4 chittacks. 
5 seers. 


TREATING COTTON SEED. 

For five seers of seed, mix two handfols of clay, one of cowdnng and enough 
water to make a paste. Bub the seeds in this mixture, letting them fall through the 
fingers as they get covered. Dry in the shade. To test them, throw the seeds into 
water, when all that float may be removed as had. 


SURFACE CATERPILLAR BAIT. 

For five acres, mix one maund (40 seers) of bhusa with six gallons (30 seers) of 
water in which one seer of white arsenic {Samhul) and two seers of gur or jaggery 
have been dissolved. This makes a paste which is put down oyer the field in small 
heaps about two yards apj^rt. 
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To make a bag and frame with opening of four feet by two feet. 

SujBBolent strips of clotli are taken, eack foin*teen feet long, sewn togetker by tkeir 
long edges to make a piece foaiieen feet by six feet. The two ends are then brought 
together and the sides sewn np. This makes a flat hag, to which strong cloth tags are 
sewn, the first at one seam, the next two feet from that, the third four feet from the 
second, the fourth two feet from the third and four feet from the first. Bamboos of 
two feet length are fixed between the two pairs of tags two feet apart and the bag is 
ready {see Fig. A). 



Fig. a. 

Bag with bamboos read/y for 'Use. 


^ The frame is made of four pieces of bamboo (a), each fonr feet three inches long, 
laid in a square, the ends of two bamboos on the ends of the other two. Two cross- 
pieces (5) of split bamboos, each five feet eight inches long, are laid diagonally across 



the square. Two pieces of bamboo, each two feet three inches long (e), are placed 
upright at the corners of one side, and two split hamhoos (d), each four feet eight inches 
Jong, are placed from the top of these uprights to the nearest corner. A cross bar (e) four 
feet three inches long is then placed to unite the top of the two uprights (see Fig. B). 


BAGS AND NETS. 
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As tlie bamboos are placed in position they are bound with string or fibre in the 
order given above. Enough bamboo should project at 
the ends to allow of their being bound together. This 
makes a frame to the front of which the bag above is 
attached by the tags. 

In these figures three inches extra length is allowed 
to permit of the bamboo being bonnd ; the resultant 
frame is then of the size to accommodate the bag. The 
two feet long bamboos used for keeping the bag opened 
are inserted only when the bag is used alone ; when the 
bag is attached to the frame these bamboos are removed 
and the tags of cloth knotted to the frame, so that the 
bag can be at once removed and twisted up. In place of 
bamboo, strips of wood may be used. 

The Hand Net. 

Cut a Y piece (of guava, jamiin or litchi wood), the 
stem six inches long and about three quarters of an 
inch in diameter, the arms four inches in length and half 
an inch in diameter : two hollow bamboos six inches long, 
the bore a little larger than the arms of the Y so that 
they fit tightly ; a green bamboo slip, five feet two inches 
long, half an inch in diameter. These fit together as in 
the diagram and make the net frame. 

For the net take two pieces of muslin, each two feet seven inches square ; turn 
over one inch to make a hem, cut each piece along the thick black line of the 
diagram and sew the cut pieces together along this line, not along the double hem. Sew 
on to the hem a piece of cloth one inch wide to pass the bamboo through. The long 



Muslin fiece for lag. 

(Cut two pieces to shape shown and join along curved edges.) 

bamboo is then passed through the cloth bag, and inserted at each end into tbe tubular 
b^mboop whiph are to the Yf 


5 ’- 2 ' 



Fig. C. 

Bough net frame in pieces. 


V 
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COLLECTING, PINNING. SETTING. 

-r-HEEE is possibly no better number o{ 

1 of climate, of vegetation and o p y ‘ !•+:„„<, q„?i;ed to them. At all times 

species of insects, wbich B®*'' ^ to be found at work, and tbose 

intereLa in insect life as a whole, will always find 

abimdanoe of material at hand. 

It is unfortunate that, ea elsewhere, the study of 
one sub-order, the Butterflies, has brg a 

Bhare of the work of the Naturalist m India. H i^he 
Ittentil given to this group had been ^ 

distrihuted over the insect world, suite of 

wider knowledge of the insects as a whole. In spite ot 
I tinmen on\utterflies. moths, plant 
wasns the insert world of India is very bttle known, 
^e beetles are almost nntouched; the gr^shoppers, 
crickets mantlds, stick insects and other Oriliopiera 
®- have be^n little worked at ; and there is little on record 

Bm to pin a Beetle. smaller species of ^up 

snd sucking insects. This refem 

wider field of hiology how Uttle IS recorded, wiaan^^^^^^ P 

insect world, there is little knopi o *1*;, j B. H. Aitken illustrate 
adaptations of even the oonimon insecfe. ® ^ manners and 

what a splendid field there is or sitnp e o j knowledge, the wider 

hahits of the mort familiar u^cts I " ,l™ot he entered upon. 

problems of distribution, relation to olnnate,m^abon.^^ ^^^^ ^ 

There is abundant work in every gronp, w»k pt l®s inmr = 

the stndy of less popular groups than that which has been 
iorbntterlT The condition of the oollertions at the ludm, 

MuseSe pagi of the Asiatic Sooieiy and Bombay KaW 

History SeeJy’s Journals iUnrtrate the very soani^ 

iUrLL Wk on Indian insert life, and i is assuredly 
within the reach of every observer to add to this k™”^ge “d 
oany on the work. It is needless to enlarge on the value of 
th^woik ; those who study Nature do not ooumder the toIuo of 
what they do hut find an added joy in life in their work ; they 
then find?it imperative in the interests of all 
on record what they have done and help to huild np the fnller 

"ijr— St -a sriitSMSSS 
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turn to the wider problems of biology or even to the simpler work of “ life histo- 
ries.” In India, where entomological work is little carried on, I would plead the 
necessity of life history work, or if systematic work is essential, at least the study of 
groups less known than the butterflies. In the popular mind, 
entomology is “butterflies,” whereas the butterflies are not 
one-twelfth of the known insect world and are probably not one- 
hftieth of the actual species of insects now existing. Their 
beauty and large size impress them on our minds j but they are 
from, some points of view the least attractive group, as they are 
almost without exception the least important in their influence 
on agriculture and man’s welfare. To the systematist, the beetles 
and the flies offer unrivalled fields of work, both little touched as 
yet and in both of which very valuable work has yet to be dona 
before the classification of these orders can be fully carried out. 
The mantids, crickets, cockroaches, grasshoppers, and other Ortliof- 
tera have been barely touched, from the biological as from the systematic side. 
Myrmeleonidesj Mantujpides, Semerobiids and other New'optera are far commoner 
ill India than in some parts of the world, and there is a splendid field here for life 
history work. The insect life of fresh water, of the streams, ponds, tanks and lakes 
has not been entered upon and would yield most valuable results. A very slight 
attention paid to scale insects has yielded much that is new, and the smaller species of 
plant bugs are found in very great variety everywhere. There is no lack of absorbing 
work and th,ere should be no lack of workers in a country where so many have to find 
their own interests and hobbies, and live surrounded by the marvellously varied insect 
world. The naturalist in India has two great advantages not to be found everywhere. 
Publication is easy in the pages of the Asiatic Society or Bombay JSfatural History 
Society’s Journal, which bring the work before an appreciative audience; the Indian 
Museum is there to help and is glad to receive specimens which are then part of 
what I may call the National Indian Collection, and really part of the National 
Collection gathered at the British Museum of Natural History in South Kensington. 
Through the Indian Museum, the help of the workers in the British Mnseiim is 
readily obtained, and the Indian Museum reference collections, though not complete, 
have been worked on by the leading European specialists. 

CoHecting. 

In the popular mind, an entomologist is a temporarily insane person, usually hot, 
flushed and panting, who careers wildly after butterflies armed with a large net. 
The real entomologist is probably to be 
found in the fields, with no net or other 
appliances except a few pill boxes, a knife 
and a good lens. Collecting differs accord- 
ing to the group to he collected; those 
who want to know the ways and habits 
of the common insects will spend hours out 
in the open simply watching. The best 
knowledge of the insect fauna of a district 
is got by patient watching. As soon as 
a particular species becomes (juite familiar 
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one eolleets pei'liaps two of eacb sex for purposes of identification. As time goes Ly 
one gets to know tlie ways and habits of all the common insects and gradually 
acquires a real knowledge of the fauna of the district. This is the thorough and 
intimate knowledge which enables one to know why an insect is m a particular spot. 



Pm. I. 

The Lemon Butterfly. To show setting of wings, the hind margin of forewing at right 
angles to the lody. 

what it is doing and what its life is. This is, to the writer at least, the real work of 
the entomologist. It is then easy to collect all available specimens of any one group 
and the actual collection is subordinate to the field work, that is, is simply an index 
to the knowledge acquired of the local insect life. With that index, one can sit down 
and write the experiences for the benefit of the entomological world, and there would 
then he a speedy advance in our knowledge of the insects of the country. As an out- 
come of this, the study of a particular group can be taken up, and the work extended 
over a large area. This then becomes a valuable piece of work, valuable in proportion 
as it is based on thorough familiarity with the insects of one district and on the whole 
life of the insects in question, not simply their external stracture or the venation of the 
wings. The tendency to commence straight away on the study of one group is deplor- 
able j it leads to purely systematic work, counting the spines ou the margins of the 
tibia or the hairs on the pygidium, and there is no basis for comparative work and no 
understanding of the enormous value of biology. The study of dried insects is not 
entomology ; it is but a small part. Pield work, involving more than mere collecting, 
is the backbone of entomology, and the last thing really wanted is the name of the 
insect, whereby to find out what others have said about it. Collecting, therefore, varies 
with the aims of the entomologist, and becomes an entirely different thing as he is 
intent on diff^erent aims. To the student of each group, different appliances are 
necessary j to the beginner, to the naturalist pme and simple who wants to know the 
insects of his district, the sole requirements are boxes, a knife, a lens, and perhaps a 
net ^n4 killing bottle, 
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(The boxes most useful are card boxes witli a glass bottom {not They can 

be bought or are made by the Korth West Soap Company, Calcutta. At a pinch 
old match-boxes are very good. A strong knife is handy for digging and for extract- 
ing ‘‘borers.'* A lens is absolutely necessary, and is best got from London or 
Germany. I prefer Leitz's aplanatics, magnifying 10 or 16 diameters, but there are 
many patterns of aplanatic and Steinheil lenses that are equally good. The handiest 
net I know of is the so-called kite or balloon net (fig. E, page 302), made of four pieces 
of cane, a brass Y and a bag of green mnslin. Killing bottles vary for different groups, 
bnt the cyanide or B. C. bottle is best for general work. 

It is impossible to say anything in detail of special collecting in each group. 
Altera are got by careful search in decaying vegetation, bark, under leaves, in all 
sorts of nooks and odd places. A camel-hair brush and a bottle of absolute alcohol or 
95 Jq spirit is the best way to secure specimens unhurt, unless they he taken home alive 
with some damp material in a box. The absolute alcohol and brush secures perfect speci- 
mens of the active Cam'podea or Collenihola forms, and they die rapidly in the alcohol. 

Orthojptera vary with the family. Earwigs are found on the ground in woods or 
in flowers. Cockroaches under leaves or among low plants or on the bark of trees. 
Mautids, Phasmida, Grasshoppers, in crops, on plants, on bushes. Crickets among 
fallen leaves, in bushes, in the ground, etc. A net is useful for grasshoppers, but sharp 
eyes and hands are all that the other families require. 

Neuro^tera want a net ; dragon-flies are everywhere ; JELemerohiids are on crops 
chiefly or among hushes under trees ; MyrmeleonideS) Mantispides, AscalapUdes 
under trees out in the sun. Perlids, Sialids, Ephmefirids and Caddisflies near 
fresh water. Termites in their nests or at lights. Emhiids come to lights. Fsocids 
are on trees and bushes. Mallojphaga on birds, etc. There is a big range for the 
Neuropterist aud an almost unexplored one. 



Eymenoffera distinctly want a net in most cases, and far more necessary than 
collecting is the patient watching and breeding. Benzene is a peculiarly good 
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killmg agent, a little vapour being sufficient. Cbloroform should not be used as it 
turnvS yellow to red in many cases. 

They are far too large a group to attempt any summary of and they can be caught 
from early morning to sunset, and in the evening are often easily captured asleep on plants. 

Coleoptera again are far too large to deal with. Every 
family wants separate collecting. In this group no chance 
of rearing from the grab should be lost. So little is known 
and the difficulties are so great that one may look on a 
reared beetle as something of an achievement and hasten to 
put the facts on record. This of course does not refer to 
household plagues which rear themselves far too easily in 
cheroots, flonr, etc. 

Carcases may be mentioned as a good bait, however 
small they are, and droppings of any kind yield many 
varieties, as does the bark of old trees. Benzene or cyanide 
are excellent for killing, and no harm is done by immer- 
sion in benzene. 

Lepidoptem have fortunately demanded breeding as a 
necessity of good specimens, hence we know the life 
histories and caterpillars in many cases. The adventitious 
aid of “ sugaring,” and of lights and light traps, enable 
the moth-hunter to secure many treasures. Chloroform or 
cyanide is best for killing, not benzene. 

Diptera need a net, or better still, are easily reared 
when the grubs are got. Grubs live in all sorts of places* 
and there is no more widely diffused or more interesting 
group than this. Eor variety of habits and habitat, the fly . 
grubs are folly equal to the beetles and beetle grubs, and 
are more easily reared. The collecstor will find them every- 
where, on the wing or as grubs. For killing I prefer a dry 
tube and a benzened cork. Have a dozen tubes of one size, 

m . -r , . ^ ^ corked, one containing benzene. Capture your fly, transfer 

myp%medQnd%sG{ahom), , , , V 

Ichmvmon and moth to a clean dry tube, and then holding your tnumb over the 

pupa case from which it mouth of the tube transfer the cork of the benzene tube to 

emerge , on one pin, replace by the clean cork. The 

fumes of benzene from the cork will then speedily kill the fiy. Flies must never he 
wetted with any liquid whatever. 

iTewjiifera can be killed in any fashion if they are big and hard. Soft ones may 
I be preserved in formalin, as all Aphides (Green-fly), etc. 

A net is hardly needed for most JBCemiptera. Plant bugs are rarely very active. 
Scale insects and mealy wings can only be collected on their food-plants and special 
attention has to he paid to rearing adults, parasites, etc. Sharp eyes are needed for 
collecting JSemiptera and not much more. 

The above summary may help the beginner, but will not help the specialist in any 
order. Every naturalist finds his own methods j lam satisfied with the benzened 
cork tubes for a killing bottle, a knife, a lens, and. a supply of boxes. If I am hunt- 
ing Seureptera or grasshoppers or wasps, I take a net. When a special group is to 
be studied, I use such special methods as my g(meral experience has taught me suit 
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tliat group, but it serves no useful purpose to expound special methods whicli are 
familiar or unsuited to those who work on special groups. 

Killitig. 

The entomologist must have good killing methods, or his specimens are useless# 
The ordinary cyanide bottle is good and precautions must be taken to keep it dry 
inside. 

I prefer a mixture of benzene and chloroform in equal parts, with a few drops 
of citronella or bergamot oil added. (B. C.) A wide*mouthed bottle with wads of 
blotting paper damped with this mixture is very good, and I find it suits all groups 
equally well. 

For laboratory material or for dissecting, heat or absolute alcohol give good results 
for most insects. 

Tobacco smoke will, if nothing else he available, kill many small insects j 
Mymeno^ptera especially curl up almost at once. 

Setting, Pinning, Mounting. 

Having killed one’s specimens, the next thing is to set them. There again a 
treatise is required to cover all the special methods, and no attempt is made to do 
more than outline the subject. Elxperience and many failures teach more than a 
voltime can do, and many specimens must he ruined before this can be mastered. 

Pins are of various kinds. The ordinary insect pin, white or enamelled Hack, 
is the best, and one may use them entirely or use Carlsbad or long American pins. 
Steel pins, enamelled black, are not reliable as the enamel comes off and the pin rusts 
through. D. P. Tayler or Kirby Beard & Co. make ordinary pins and Tayler's 
Nos. 3, 3, 7, 12, 16 and 20 cover pmctically all needs. In pinning, the point is to have 
one-third of, one’s pin above the insect and the rest in and below it. It is u&nal to pin 
Ortlwytera in the middle of the thorax or through the right wing; Neuroptera, 
Hymenopfera, and through the thorax ; Coleoptera through 

the right wing-case so that the pin does not pierce the right hind leg. 

Small insects are often very troublesome to mount and set, and there are special 
methods for them. 

Staging consists in pinning the insect with a fine pin on a slip of polpporus pith j 
the pith is then pinned with a big pin. Any compact white pith will do. 



Fio. L. 

Locust packed in paper cylinder, 

Crumming consists of fixing the insect to a slip of card, and pinning that with a 
big pin. White gum is used, as little as possible being taken. The cards used here are 
rectangular, as naiTow as possible ; others prefer triangular points. 
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Ow C< 7 fc?."*“TLis is a metljod of pinning flics ; a diisC of card is taken, cut with a 
20'bore gun-wad punch, and a fine (No- 30} pin passed through ; the pin is then 
carefully pushed through the thorax of the fly J^rom helow, so that the point projects 

above. The card is then pinned with 
a big pin in the opposite way (fig. K). 

The last method is used only for 
Di'ptera j gumming is used for small 
Coleoptera ; staging for small Or- 
thoptera, jN$uroptera>, JS^menoptem, 
medium Coleoptera, and for Eemip- 
tera. Small Lepidoptera require special 
pins. 

Many very small insects can only 
be kept in small corked tubes; the 
^ inside of the corks should then be 

Paim J^ormins. ™ * “““ Baphthaleue, in 

benzene, or in carbolic acid. 

Eelaxing consists in keeping the specimen for 12 hours or more in a damp box till 
rigor mortis has passed off and the wings, legs and antennse are flexible. A small 
quantity of acetic or other acid in the box helps to preserve the colour. 

Setting Lepidoptera requires setting hoards and one may adopt any of the 
methods, high setting being perhaps the best after the manner of the British Museum, 

Other groups when pinned should have their legs and antennse carefully arranged 
so as to be natural and so as to be readily examined by a lens. 

Once an insect is mounted and dried, it is brittle and cannot easily be reset, so 
the arrangement of the legs, antennse and wings is impoidiant. Specimens should be 
as natural as possible. The wings of JSfeuroptera should be spread as in the case of 
Lepidoptera, In grasshoppers the left wings of one specimen should be spread. Speci- 
mens should be set in different ways, some with wings open, some with wings as they 
are normally when at rest, the object being to display the insect and to preserve its 
natural habit of body. Having set the speci- 
mens, dry them. Ko insect should be stored 
till it is perfectly dry and the lack of this 
means a certainty of moulds sooner or later. 

In the monsoon, a proper drying box contain- 
ing calcium chloride or lime is very valuable, 
if not essential. 

Labelling* 

A specimen without a label may be thrown 
htvay^ as it is useless. Labelling should be 
done at once as there will then be no confusion. 

It Would he a good thing if all entomologists 
labelled in the same way, and the best system 
of labelling is as follows 

The labels used are of stout white paper or thin card ; the number, date of capture, 
name of food -plant, and locality are written on the label and at one side the name 
0 ^ the collection. The collector's name is on a separate label if the specimen is sent to 
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the Museum, aud all Museum specimens bear the Museum label. In putting locality 
one must be precise. The village, taluka, or town, the province, and “ India ” must all 
be placed on the label, as a specimen labelled “ Hyderabad” may be from one of two 
places, and the entomologist in Europe or America to whom a specimen may go does 
not necessarily know that these places are in India. 

Labelling like setting is done with a view to posterity, and collections now made 
may be in a Museum for centuries and may go to any part of the world eventually. 

If the insect’s name is to be on a label, it should be on a separate label of a distinc- 
tive colour. There may then be three labels, the collector’s name, the full details on a 
collection label, and the name of the insect, with the name of the person responsible 
for naming, followed by an exclamation point I 

Storing. 

Insects after being pinned, labelled and set are stored in corked boxes. Boxes 
must be air-tight and well corked and papered. 

Naphthalene or other “insectifnges” must be placed in the box. The difficulty in 
India is not excluding insects so much as exclud- 
ing damp, and it is at this time that the value of 
drying insects thoroughly is apparent. Any moisture 
in the insect leads to mould when the atmosphere 
round it is moist also, and the surest guard against 
mould is thorough drying before placing in the store 
box. 

It is unnecessary to pin all of a collection if there 
are duplicates. Spare Lepido^kra are best kept in 
“ papers,” spare Orthoptem in cylinders (fig. L), and 
spare beetles in sawdust or bran. They can then be 
relaxed and set if wanted for the pinned collection, or 

are readily sent by post unpinned. The finished paper, 

Caterpillarst etc* 

Larvse of all kinds are best preserved in alcohol, alcoholic mixtures, or formalin. 
Special methods must be used for obtaining laboratory material for dissection, etc. 
Keotified spirit of 70 per cent, alcohol is the best form of spirit ; a mixture of alooholj 
spirit and glycerine preserves larvse well and keeps them in a good flexible state. 
Caterpillars are best blown with a larva blowing apparatus or over a spirit lamp and 
small oven. A solution of 4 per cent, formalin in water is good for most laiwm. A 
handy way of storing larvae is in tubes^ 3 inches long by 1 inch in diameter, with a 
good cork. The label should be inside the tube written with hard pencil or good ink, 
aud it is useful to have the insect's number on the cork or on the outside for ready 
reference. 

Arrangement of Collection. 

In making a collection of pinned insects, the difficulty lies in allowing for expan- 
sion. However much room one allows for future specimens, one cannot be sure that 
the arrangement will meet future needs simply because one cannot foresee what will 
come in. It is perhaps best to allow at first for a small expansion only and then pre- 
sently transfer the whole collection, leaving a large space for fresh accessions. Where 
all families are collected, it is Well to start a box for each ol'der, expanding these orders 
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into boxes assigned for each big family and gronps of small ones. For this reason 
store-boxes are better for keeping permanent collections in than cabinets with drawers, 
as new boxes can be put in anywhere and new drawers cannot always be inserted. 

In making a general collection it is wiser to separate the orders, and not, for 
instance, to put the parasites of a species of moth with the specimens of that moth. 
If the moths are the object of the collection, then the parasites can fitly be placed with 
the species they prey on. 

It is important to put name labels on the pins and not simply below each species ; 
there may be a generic label at the head of a genus and a specific label below each 
species in addition. 

Special Material. 

All specimens cannot be either pinned or in spirit ; there must be a quantity of 
special material unsuitable for either. Eggs, pupa cases, cocoons, specimens illustrat- 
ing the habitations of insects must be kept separate in boxes or bottles as a rale. Eor 
small objects, eggs, pupa cases, small cocoons, etc., glass topped boxes are useful. A 
small quantity of naphthalene helps to preserve them. Duplicate insects also want 
special storing, as the Zepidoptera in papers, Coleoptera in sawdust, Orthoptera, in 
cylinders. Coccida keep well in small envelopes wrapped in oiled paper, as do the 
pupae and larv£e of Almrodidcs. Small Semiptera, Spmenoptera, Zipterai can 
often he best kept in good corked tubes, as can small duplicate Coleoptera ; but they 
must’ first be well dried, and the outside of the corks should be varnished or dipped 
in melted paraffin wax. A dry specimen should always he in an atmosphere of naphtha- 
lene or carbolic acid j tie inside of corks of tubes should be dipped in carbolic acid or in 
a solution of naphthalene. 

In working microscopic specimens, a series of slides accumulates of insects in 
Canada balsam. These are kept in special cabinets and it is convenient to number 
them in order as they are made and list them separately in a book. 

Rearing. 

A volume could be written on this subject to deal with the different families and 
their peculiar needs. There is but one rule, to keep the insects as much as possible in 
natural conditions. This can never be fully attained in a small space or even in the 
biggest cage indoors. Many cannot be reared in captivity save under exceptionally 
good conditions ; others will live under very had conditions. Lepidoptera are among 
the easiest unless they are such as some of the Lyccenidce, which miss the attendance 
of their particular species of ants. Plant-feeding caterpillars want plenty of fresh 
food, proper conditions of light, air and moisture, and whatever particular conditions 
they require for pupation. 

Ziptera are often easy, provided they are not allowed to dry up. Most predaceous 
forms, MantidcBi SLevnerohiidoi} OoccinellidcB, need a very large supply of food and 
even then are not always easy to rear. 

Larger plant-sncking Memiptera need live plants to feed on and then thrive very 
often. Smaller Memiptera are easy to rear, save such forms as Jamdm* Many 
species of Orthopterci can be reared but will not breed in captivity ; the same is true 
of the majority of Goleoptem and Memiptera. 

Aquatic insects demand special methods usually easily obtained if the insects are 
accustomed to stagnant water but almost impossible for such as live in swiftly run- 
ning water. 
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Boring insects are easy to rear but will not breed readily, unless they are 
Le'pidoptera. Galls are exceptionally difficult to manage, and I Lave found Dr. Sharp’s 
suggestion of always having a little carbolic acid to vapourise in the jar or cage a 
good one. 


... ^ ^ 


'1 
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Meld cage, three feet cube. 


For breeding cages and jars, there is no standard. For small insects cages made 
of perforated zinc with a sliding glass lid are very good, and are also handy for 
triivelling. From these up to cages 6 feet high there may be an indefinite series 
according to the object in view. Many small species need nothing more than a glass- 
topped box or a glass jar. 

Cleanliness, plenty of fresh food, a liberal provision of air, light, dry or damp 
earth and shelter are the chief things to be looked for in rearing insects. 

Notes* 

It is a sound plan to tt^ork entirely by numbers, gi'Ving each spebi^s a serial num* 
ber and using that for all specimens of that species, and for all notes. All the records 
concerning pests are kept by numbers and the various species are known by number 
throughout. This rarely entails confusion when two closely allied species are confused 
under one number, and even this can be avoided by giving a fresh number to a new 
batch of what one thinks may be a familiar species, till one is sure it is the same. 
ISTo harm is done by having one species under seveml mimhers till one is sure they are 
the same, as it is an easy matter to put them all under one number at any time. 

Notes habitually and regularly taken include field notes, notes from rearing cages, 
notes of specimens sent in, notes froin. literature, and a note of all the specimens that 
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are in the collection relating to that one species. By bringing these all together in 
one place one has at a glance the whole history of each species so far as it is known. 

A separate index of food plants and a systematic index then become necessary so 
that one may at a glance find all the pests of a particular crop, or all the insects of a 
particular family that one has in the collection. 

I prefer to keep nearly all this information on cards, in a card catalogue series, aud 
only rearing notes and field notes are entered separately and then condensed on to the 
regular card series. The methodical collection of all information is a great part of any 
eoatinnous entomological work, and for lack of it a great deal of work has been lost. 
I haYe not space to describe the card system in use ; I am convinced that methodical 
and careful note taking is of the greatest impoitance if one aims at anything higher 
than a mere collection of dried specimens. The most trivial things may later on he 
found to be of the utmost importance, and one racks the memory in vain to remember 
the precise details. 


Formulae. 


Benzene . 
Chloroform 


Absolute alcohol 
Glacial acetic acid 


i.— B. C. bottle- 

parts. Add a few drops 
of oil of bergamot or other 
essential oil. 


Killing jluid for Aftera. 

’ * * I Equal parts. 


Kormalin, 

Formic aldehyde 40% (Formol) 1 part. 
Water .... 19 parts. 


White gum arable 
White gum tragacanth 


In equal parts, powdered, with 
enough water to make a paste, 
and a few drops of carbolic acid. 


Oiim for labelling glass bottles. 


Aluminium sulphate 
Water , • 

Gum arable 
Water 
jMix the two. 

Alcohol, 95% . 

Glycerine , 

Water , 


2 grams \ 
20 grams J 


180 grams 


Dissolve, 


Fresermng fluid. 


2 parts' 
1 part 


Add I per cent, of acetic acid to 
fiuisM mixture. 


3. — Killing bottle. 

Cyanide of potassium . 1 oz. 

Plaster of Paris , 4 oz. 

Place the cyanide in the bottle, cover with half the plaster. Mix the rest of the 
plaster to a cream with water, and quickly pour over the dry plaster and cyanide in tha 
bottle. 
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Apparatus. 

Nets * — ^The ordinaTy kite or balloon net serves most purposes, but a small %bt 
net with a bag of light material may be needed, for small Hymempfemi Diptera, 
etc. 



Fig. Q. 

Frame of hite net, of cane with brass ends. 


For aquatic insects, a stout net, inside lined with fine muslin and outside with 
coarse hollaud, with a bottle at the bottom is most suitable. 

Fill boxes * — For collecting these should be glass bottomed, round, nested boxes, 
of cardboard. Before use they should be varnished outside with shellac dissolved in 
alcohol to preserve them from damp. 


Glass topped Soaje^.— The handy sizes are 


3x3x2 

5X5X2| 


they should he of cardboard 


vrith glass top, and also varnished outside. 

Tubes , — Glass tubes, well corked, are the handiest things for general collecting. 
Two sizes are useful, 3x1 inch, and 2x j inch. 

Killing hoUle — Is best made with a well stoppered, wide-mouthed bottle as 
described above. 

Knife . — good knife is essential. 

Pw 5.--D. F. Tayler’s Kos. 2, 3# Jt 12| 16, 20, meet all ordinary 
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Store 5om.— A useful size is 17|Xl2X3i j thin sheets of cork finch thick are 
used for liningj covered with white paper. There should be a cell in one corner for 
naphthalene. 



Kite Net. 


Forceps'^ Ave useful for handling fine insects, they should be long and curved, 

with fine points* Coarser curved 
or bent forceps are useful for 
handling pinned insects. 

Fmek—A 20-bore gun-wad 
punch is useful for cutting discs 
of white card for mounting flies. 

Lens»'^A good aplanatic 
magnifying 10 to 16 diameters is 
essential for small insects. 

Setting These may be obtained in the fiat form for high setting, in the 

flat for low setting or in the oval form for low setting. Flat setting boards in either 
form are preferable to oval. 

Polyporns pith (imported) is a very good material for staging small 
insects. At a pinch any good tongh pith will answer. 


Fig. S. 

Forceps /or handling small insects ; Owning 
forceps have broader points. 
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American Boll worm, 144, 89. 
AnjoTimois Grain Moth, 266. 
Ants, injurious, 231. 

„ harvesting-, 232. 

„ white, 228. 

Aphis, 239. 

„ cotton, 110. 

„ wheat, 124. 

Arecanut Weevil, 253. 


Bags, 72, 73, 186, 189, 223. 

Baits, 74, 192. 

Balance of Life, 65. 

Bamboo Beetles, 260. 

Bashets, 74. 

Batesian Mimicry, 47. 

Beetle, Bamboo, 260. 

„ Biscuit, 252. 

„ Blister, 205, 122, 138, 165. 

„ Cheroot, 253. 

„ Cockchafer, 196, 122. 

„ Epilachna, 204, 164. 

„ Elea, 203, 124. 

,, Leaf-eating, 200. 

„ Palm, 207. 

„ Rhinoceros, 207- 
„ Sawtooth, 252. 

„ Surface, 220. 

„ Tortoise, 201* 

„ Wheat, 251. 

Beneficial Insects, 268. 

Bherwa, 227. 

Birds, 67, 280, 


B — contd. 

Biscuit Beetle, 252. 

Biting Plies, 267. 

Black Blight, 242. 

Black Spotted Grasshopper, 213, 113. 
Blister Beetles, 205, 122, 138, 166. 

„ „ Brown, 205, 138. 

„ „ Green, 206, 138. 

„ „ Orange banded, 205, 

166. 

Bollworm, Pink, 93. 

„ American, 144 

„ Spotted, 89. 

Bombay Locust, 217. 

Borer, Brinjal Emit, 166. 

„ Cane, 125. 

„ Cotton Stem, 100. 

„ Oi-ange, 178. 

White, 130. 

Bot Plies, 266. 

Broods, 30. 

Brown Blister Beetles, 205, 138. 

„ Bug, 244. 

Bud Caterpillar, Cotton, 99. 

Bug, Betel Yine, 234. 

„ Brown, 244. 

„ Coffee Berry, 235, 

„ Dusky Cotton, 107. 

„ Giant Red, 236. 

„ Green, 168,285. 

„ „ of coffee, 245. 

„ Mealy. 242. 

„ Painted, 233, 165. 

„ Plant, 233. 

„ Red Cotton, 104. 

„ Rice, 116. 

Butterfly, life history of, 16. 
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Carbolic, 84. 

Carbon bisulphide, 258. 

Cask Weevil, 253. 

Caterpillar, Anar, 179. 

„ BMndi, 167. 

„ Brinjal, 165. 

„ Castor, 158. 

„ Cotton, 112. 

„ Ginger, 168. 

„ Gram, 144, 189. 

„ Hairy, 112, 113, 162, 193. 

„ Jute, 151. 

„ Leaf- eating, 18 L 

„ Lemon, 174. 

„ Maize, 138. 

„ parts of, 3. 

„ Pumpkin, 165, 

„ Sann Hemp, 148. 

„ Sorgbum, 138, 189. 

j, Surface, 190. 

„ Swarming, 187. 

„ Til Leaf, 161. 

„ Tobacco, 156, 189. 

„ Tur pod, 140. 

„ Tur leaf, 148. 

Cattle Bot, 266. 

„ Pests of, 261. 

Classification, 52. 

Clean culture, 68. 

Climatic checks, 63. 

Cockchafers, 196. 

Coleoptera, definition of, 53. 

Colour, 44. 

Contact poisons, 76. 

Creosote, 84. 

Crickets, 224, 157. 

Crude oil emulsion, 82. 

Cryptic colouring, 44. 

Cryptic form, 37. 

Cutworm (Surface Caterpillar), 190. 


Biptera, definition of, 54. 
Diseases of Insects, 64, 65. 
Dusky Cotton Bug, 107. 


Eggs, 22-21. 

„ form of, 24. 

„ number of, 23. 
„ period of, 24. 

„ where laid, 24. 
Epilaehna Beetle, 204. 


Females, undeveloped, 29. 

Flea Beetle, Rice, 203. 

„ „ San, 203. 

„ „ Wheat, 203. 

Fleas, 261. 

Plies, biting, 267. 

„ fruit, 170. 

„ Gad, 264. 

„ Horse, 265. 

„ parasitic, 270. 

Fly, Cane, 134. 

„ Maize, 137. 

„ Melon fruit, 164, 170, 171. 
,, Rice Stem, 118. 

„ Tur pod, 142. 

Food, 10. 

„ plants, 13. 

Form, 36. 

Fruit, pests of, 170. 

„ Borer, Brinjal, 166, 168. 
„ flies. 170. 

Fumigation, cotton seed, 95. 

„ seed, 258. 


Deceptive colouring, 48. 
Diamond-hack Moth, 152. 
Pipping seedlm^s, 223, 


Gad Flies, 264. 
Genus, defined, 58. 
Giant Red Bug, 235. 
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K 


Gondal fluid, 285. 

Grain pests, 251. 

Grasshopper, life history of, 18, 19. 

» Rice, 119. 

„ Snouted, 213, 214. 

„ Painted, 212. 

Black Spotted, 113, 213. 
„ Surface, 113, 220 , 157. 

Grasshoppers, 210 . 

Green Blister Beetle, 205. 

„ Bug, 168, 235. 

„ „ of coffee, 244. 

„ Fly, 237. 

„ Mealy Scale, 245. 

„ Weevil, 202 . 


H 

Hairy Caterpillars, 193, *112. 
Hand-sprayer, 76. 
Hand-picking, 72, 147. 
Hand-net, 74. 

Harvesting ants, 232. 
Hemiptera, definition of, 54 . 
Hens, 71. 

Herbivores, 12 . 

Hibernation, 30. 

Hispa, Rice, 114. 

Hopper, Cotton Leaf, 109. 
Hoppers, Mango, 173. 

Horse Bot, 265. 

„ Flies, 266, 

Hymenoptera, definition of, 63. 


I 


Ichneumons, 2684 
Imago, period of, 28, 29. 
Insect, parts of, 3. 
Inseota, definition of, 1 . 
Insecticides, 75. 

Jnteirnal an^tomj, 8* 


Kerosene emulsion, 81. 


Lace-wing Plies, 275. 
Ladybird Beetles, 278. 

Lamp traps, 74, 199. 

Larva, moults of, 26, 

„ period of, 26. 

Lead arseniate, 79. 

Leaf Beetle, Red, 113, 164. 

„ Caterpillar, Maize, 138. 
„ ,» Tur, 143. 

Leaf -eating Beetles, 200. 
Leaf-hopper, Cotton, 109. 
Leaf -miner, Groundnut, 148. 
Leaf -roller, Cotton, 96. 
Leather Beetle, 252. 
Lepidoptera, definition of, 64. 
Leptispa, Rice, 20l. 

Lice, 264. 

Life history, 15. 

Light traps, 74, 199. 

Locusts, 214. 

„ Bombay, 217. 

„ Fiy, 219. 

„ Migratory, 214. 

„ Mite, 219. 

„ JCorth-West, 215, 


m 

Maggot, Ginger, 168. 
McDougal’s insecticide, 85. 
Mealy Bugs, 242. 

Bug, Cane, 245, 

„ Cotton, 113, 
Scale, Green, 245. 
Wings, 240. 

„ Cane, 135. 

„ Orange, 177* 
Migratory Locust, 214. 
Mimicry, Batesian, 47. 

„ MuUeriai, 48. 
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Mixed crops, 69. 

Mole Cricket, 226, 
Motk-korer, 125. 

Moth, Diamond Back, 152. 
„ Dinit, 177. 

Mouth-parts, 5. 

Mullerian Mimicry, 48. 


N 

Nets, 74. 

Nenroptera, definition of, 68. 
Nomenclature discussed, 57. 
North-West Locust, 216. 


Orange banded Blister Beetle, 205. 
Origin of pests, 63. 

Orthoptera, definition of, 52. 


Painted Bug, 233. 

„ Grasshopper, 212, 
Parasites, 12. 

Persian Tick, 262 . 

Phenyl, 84. 

Pink Bollworm, 93. 

Plant Bugs, 233. 

„ Lice, 237. 

Plume Moth, Tur, 140. 
Pod Caterpillar, Tur, 140. 
„ Ply, Tur, 142. 
Predators, 12, 268, 269. 

„ biting, 273, 

„ stinging, 271. 

Preventive measures, 68. 
Protective devices, 38, 39. 
Pulse Beetles, 254. 

Pupa, period o£, 28. 

„ where found, 28^ 


Red Cotton Bug, 104. 

, Grain Beetle, 253. 

, Leaf Beetle, 201. 

, Spotted Scale, 242. 
„ Weevil, 208. 
Remedial measures, 71. 
Rhinoceros Beetle, 207 . 
Rice Bng, 116* 

„ Weevil, 251. 
Rosin washes, 83. 
Rotation of crops, 69. 


Sanitary fluid, 84. 

Saw-fly. Mustard, 152. 

Saw-tooth Beetle, 252 
Scale Insects, 242. 

Scavengers, 12. 

Screw Worm, 267. 

Semilooper, Cotton, 112. 

„ Cabbage, 154. 
Senses, 8. 

Seven-spotted Ladybird, 273. 
Sex as modifying form, 39. 
Sheep Bot, 266. 

Six-spotted Ladybird, 273. 
Six-spotted Tiger Beetle, 113. 
Size, 34. 

Smoke, 74. 

Snouted Grasshopper, 213, 214. 
Sounds, 42. 

Species, defined, 57. 

Sphinx, Til, 169. 

Spotted Bollworm, 89. 
Spraying, 76. 

Spraying machines, 77. 
Stem-boxer, Cotton, 100. 

„ Brinial, 166. 

,, „ Tobacco, 156. 

,, „ Wheat, 122. 

„ Ply, Bice, 118. 

„ Weevil, Cotton, 103. 

„ Jute, 151. 

Stomach poisons, 84. 

Success Knapsack Sprayer, 78. 
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Surface Beetles, 220. 

„ Caterpillars, 190. 

„ Grasshoppers, 220, 113, 157. 
5 , Weevils, 221. 

Syrphns Blies, 277. 


Tamarind Beetle, 256. 
Termites, 228. 

Ticks, 262. 

Tiger-beetle, Six-spotted, 118. 
Timber Beetles, 259. 

Tobacco, insecticide, 84. 
Tortoise Beetle, 201. 

Trap crop, 70. 

Trenching, 71. 


w 

Warble, 266. 

Warning colouration, 47. 
Weevil, Arecanut, 253. 

„ Cask, 253. 

„ Cotton Stem, 103, 104. 

„ Green, 112. 

„ Jute, 161. 

„ Mango, 174. 

„ Palm, 208. 

„ Bed, 208. 

„ Surface, 221. 

„ Sweet Potato, 163. 

„ White, 111, 112. 
Wheat Beetle, 261. 

White Ants, 228. 

„ Borer, 130. 

„ Weevil, 111, 112. 
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1. Millipede. 

2. Tetranyclms hioculatus, W. 

M. 

3. JEreunetis seminivora. Wlsm. 
4<, Gihhiiim scotias. S’. 

5. JEreunetis seminivora, Wlsm. 

6. Caterpillar diagram. 

7. JEmienes ^etiolata, F. 

8. Bipteroii. 

9. Cossus ligni^erda, F, 

10. Jjuoobnus hicolor. Ho. 
Anthia seocguttata. P. 
JPriotyrannus mordam. Wli. 

11. Soldzodaotylns monstruosns. 

Don. ; moutliparts. 

12. Beetle, mouthparts. 

13. Fly 

14. Butterfly „ 

15. MotF 

16. JELalolates frauenfeldus. 

Buck 

17. Oscinis them. Big. 

IS. Danais chrysip;piis. Linn. 
19-24. Danais Umniace, Or. 

25-29. Acridiwm suodnctum, L. 

30. JSeterogamia indica. Wlk. 

31. Peri^planeta americana, L. 

32. Mantis egg case and young. 

33. Eggs of Plant Bag. 

34. Cicada. (G. 1287.) 

36. Lasiocampid- 

36. Larinns eremita. des Log. 

37. Odoi^orm longtoolUs. Chevr. 

38. Butterfly chrysalis* 

39. Thosea cotesi. Swinh. 

40. Mntilla regia. Sm, 

41. Mahasena graminimra. 

Hampsn. 

42. Co/rteria decorella. Mask. 


43. Deilephila nerii. Linn. 

44. Zeuzera coffeae. Nietn. 

46. Leucophaea surinamensis. 

F. 

46. Cimex lectularius. Linn. 

47. Tarucus tlieophrastus, F. 

48. Holoclilora albida, 

49. PhylUum scythe. Gray. 

60. Limacodid. 

51. Oecophylla smwragdina, 
Fabr. 

62. Mecopoda elongata. Linn. 
53. TraehylepidiafrncticassieUa 
Eag. 

54-66. Dorylns lahiatus. Sohuck. 
56-57. Lucanus Iwnifer. Ho. 

58-69. JSypolimnas misippus. L. 

60. CuHcid. 

61. Anisoneura Jiypocyanea. 

Guen. 

62. Chroiogonus. Sp. 

63-64. Pseudosphinx tetrio. L, 

65. Mylabris pusfulata. F. 

66. Pumenes quadrispinosa. 

SausB. 

67. eria eumenioides. Saund. 

68. Eristalis a/rvorum. Fabr. 

and Apis indica, Fabr. 

69. Teratodus monticollis. Dr. 

70. Junonia lemonias. Linn. 

71. Predenhachius pictus, Dist. 
Monantlda globulifera, Wlk. 

72. Ppacromia dorsalis, Tbunb. 

73. Qhrysopa sp. 

74. elinm theae. Cam. 

75. Apis dorsata. Fabr. 

76. Braohyaspistes tibialis, 

77. Cbrysonaelid. 

78. Nonagria uniformis, Ddgn. 
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79. Dlpteron. 

80. JB-omdeocefus varidhiUs^ Dali. 

81. Vodontid li‘punct(xta> Linn. 

82. Hymenopteron. 

83. Dipteron. 

84. Thosed ceTDina. Mo* 

85. Pliyllium scythe. Gray. 

86. X^yleboTusfoTnicdtus, Erichs. 

87. Coelostemoi sp. 

88 . 

89. Pyralid. 

90, 91 & 

92. Bags. 

93-94 Hand Sprayer. 

95-97. Success Knapsack Sprayer. 
98-103. EanasfaUa. Stoll. 

104*106. GelecUa gossypiella. Sannd. 

107. JJrogaster depressarim, Ashm. 

108. Leaf attacked by Syleptd 

derogata. E. 

109. SyUpta derogata. E. 
110-113. Ehycita infusella. Meyr. 
114-119. Bphenoptera gossypH* Kerr. 
120-121. Cotton-stem Weevil. 

122. Lygaeus hospes. Eabr. 

123. JDysdereus cingulatus. Eabr, 

124. Graptostethus servtcs. Eabr. 

125. Eysdercus cingvlatus. Eabr. 

126. Oxycaraenus laetiis, Kby. 

127. Jaasid. 

128-130. Aphis gossypii. 01. 

131. Sispa aenescens. Baly. 
132-183. Zeptocorisa varicornis. Eabr. 

134. Cicindela sexpmctata. L. 
135-138. Meiroglyphusfarcif&r. Serv. 

139. Melamtis ismem. Or. 
140-142. Nonagria miformis. Ddgn. 
143-160. CUlo simplex. Butl, 

161. JBlepJiaripoda sp. 

162. Scirpophaga a/uriflua. Zell 

163. Bictyopha/ra pallida. Don. 

164. Aleurodes harodensis. Mask. 
166. Belphax psylloides. Leth. 
166. OirpUs unipmcfa. Haw. 

167-160. Exelasta parasita. Meyr. 
161-164, Chloridea obsoleta. E. 

165. Amsacta moorei. Bntl 
166-168. Utetheisa pulchella. L, 

169. Mamoa teitnlalis. Gey. 


170-171. Plutella macuUpemis. Oart. 
172-174. Flusia signaia. E. 

175. Bhopalosipliw diantU. 
Schr. 

176-177. Frod Bo^sd. 

178-179. 

180. Ergolis merione. Cr. 

181-182. Acherontia styx. Westw. 
183-184. Diacrisia ohUqm^ Wlk. 
185-186. Qylas turdpennu. Bokm. 

187. Glyphodes indica> Sannd, 
188-189. Leucinodes orhonalis. Gnen. 

190. Nezara dridula. L. 

191-192. JDacusfermgineus. 01 

193. EivelUa pet'sicae. Big. 

194. Carpomyia parctalina. Big. 
195-197. Fapilio demoleus. L. 

198, Stromatium harhatum. Fabr. 
199-206. Virachola isocrates. Eabr. 

207. Fyrausta machxralis, Wlk. 

208. Lasiocampid. 

209-210. ZincJceniafascialis. Cram. 

211. Cirphis loreyi. Dup. 

212. Folytela gloriosce. Eabr. 

213. EToctnid. 

214. Caradrina exigua, Hiibn. 

216. Euxoa segetis* Scbiff. 

216. Agrotis flammatra. Scbilf. 

217-219. Diacrisia ohliqm. Wlk. 
220-221. Amsacta albistriga. Wlk. 

222. Amsacta lactinea. Cram. 

223. Argina cribraria, Clerck. 

224. Utetheisa pulchella. L. 

225. Melolonthid. 

226. Lachnosterna impressa. 

Bnrm. 

227-229. Melolonthid. 

230. Berioa assamensis. Brenske. 
231-232. Adoretus bangalorensis. 
Brenske. 

233. AulacophoraJo'seicoUis. Knst. 

234. Avdacophora excavata. Baly. 

235. Leptispa pygmaea. Baly. 

286. Aspidiomorpha mUiaris. 

Eabr. 

237. Myllooerus maculosus. Desb. 

238. Astycus lateralis. Eabr. 

239. Chaetocnema hasalis* Baly. 

240. Epilaehna 28-pmetata. Eabr. 
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241-242. M^labris pustulata. jFabr. 

243. Cantharis tenuicollis. Pall. 
244-245. Cantharis ronxi. Cast. 

246. Oryotes rhinoceros. Lino. 

247. JRhynchophorus signaticollis. 

Chevr. 

248. Tylotroyidms didymus. 

Tbuub. 

249. JPoecilocera picta. Eabr. 

260-251. A-cridium aeruginosum- 

Burm,. 

262. Tryxalis turrita, Fabr. 

253. Acridium peregrinum. 01. 
264. Acridium sucainctum. Linn. 
266. Acridium peregrinum. 01. 
256-258. Acridium succinctum. Linn. 
269. hdiltogramma duodecimpunc~ 
tata. Big. 

260. Anthomyia pesharoarensis. 

Big, 

261. Tanymecus indicus. Des. Log. 

262. Opatrum depressum. Eabr. 
268. JBpacromia dorsalis. Thniib. 
264. Chrotogonuslugubris. Blanch. 
266. Chrotogonus trachypterus. 

Blanch. 

266. JBrachytrypes achatinus. 

Stoll. 

267. JSpJiex lohatus. Eabr. 

268. Q-ryllodes melanocephalus. 

Serv- 

269. Z/iogryllus bimaculatus. deO. 

270. Q-ryllofalpa africana. Pal, B. 

271. Schimodactylus monstruosus. 

Don. 

272-275. Termes taprobanus. Hag. 

276. Dorylus orientalis. Westw. 

277. Agonoscelis nubila, Eabr. 

278. JBagrada picta. Eabr. 

279. Mouthparts of Hemiptera. 

280. Disphinctus Immeralis. Wile. 

281. Ztohita gremdis. Gr. 

282. Calocoris angustatus. Leth. 

283. Calocoris lineolatus. Goeze. 

284. JBlissus gihhus. Eabr. 

286. ApheunuS sordidus. Eabr. 

286. Aphis malvae. Pass. 


287-288. Aleurodid. 

289. Aleurodes nubUans. Buekfc, 

290. Aspidiotus ficus. Ashm. 
291-292. Lecanium nigrum. Nietn. 

293. Aspidiotus ficus. Asbm. 

294. Ohionaspis separata. Gr. 

295. JEriochiton theae. Gr. 

296. Chionaspis prunicola var. 

theae. Mask. 

297. Dactylopius citri. E. 

298-301. Calandra ory&ae. Linn. 

302. Trogosita mauritanica. Linn. 

303. Jjaemophlaeus pusillus. Eabr. 

304. Silvanus surinamensis. Linn. 

305. Lasioderma testaceum. Daft. 

306. Anthrenus sp, 

307. jOriboliiMu ferrugineum. Eabr. 

308. Work of Bruchid. 

309. Caryoborus gonagra. Eabr. 

310. JBruchus emm^ginatus. All. 

311. Uruchus ohinensis. Linn. 

312. lEphestia cahiritella, Oliv. 

313. Bostrichus aegualis. Waterh. 

314. JDinoderus distinctus. Le. 
316. Araecerus fasoiculatus. deG. 

316. Argas persicus. Eabr. 

317. Bediculus capitis. 

318. Chrysops dispar. Eabr. 

319. Tabanid larva. 

320. Sippohosca. sp. 

321. JPimpla punefator. Linn. 

322. Cotesia flavipes. Cam, 

323. Ichneumon. 

324-326. Taehinid. 

326. Blatygaster oryzee. Cam. 

327. Eumenes esuriens. Eabr. 

328. Ammophila laevigata. Sm. 

329. Coelophora sauzeti. Muls. 

330. Chilomenes sexmaculata. 

Eabr. 

331. Coceinella septempunotata, 

Linn. 

332-337. Chrysopa, spp. 

338-342. Syrphus aegyptius. Wied. 

343. Calosoma orientate. Ho. 

344. Anthia sexguttata. Eabr. 
345-346. Maniid. 
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tesei. Figures in holder type are principal references to the pests of that planti] 


Adrak (Gringer). 

Afim (Opium). 

Akh, 171, 212, 231. 

Ale (Ginger). 

Alu (Potato). 

Am (Mango). 

Amba (Mango). 

Ambadi, 185. 

Anar, 179. 

Andropogon sorghum (Sorgliiim). 
Arachis hypogcea (Groundnut). 
Areca catechu (Betel Nut Palm). 
Areca Nut Palm (Betel Nut Palm). 
Arend (Castor). 

Arbar (Tur). 

Artielioke, 232. 

Avenasativa (Oats). 


B 

Baigan (Brinjal). 

Bajra, 146, 198, 200, 206, 235. 

Banti (Sanaa). 

Baril ban (Cotton). 

Barley, 222. 

Belati-mung (Groundnut). 

Benimasa cerifera (Melon). 

Bor, 176. 

Betel Nut Palm, 245. 

Betel Vine, 236. 

Bhang (Ganja). 

Bhat (Soy bean in Bengal) (Rioe in 
Bombay). 


B — contd, 

BMndi, 90, 92, 98, 105, 108, 112, 
167. 

Bhoising (Groundnut). 

Bhuimug (Groundnut) . 

Bhuta (Maize). 

Bijaura (Lemon). 

Brahmokha (Artichoke). 

Brassica campestris var. 8ar$on 
(Mustard). 

Bi 'assica juncea (Mustard). 

Brassica napus var. JDlchotoma 
(Rape). 

Brassica oleracea (Cabbage). 

Brinjal, 165, 171, 203, 204. 

But (Gram). 


Cabbage, 152, 232. 

Cajanus indicus (Tur). 

Calotropis, spp. (Akh). 

Cmnahis satim (Ganja). 

Capsicum, spp. (Chillies), 

Castor Plant, 158, 159, 195, 241. 
Cauliflower, 152, 232. 

Cbal kamra (Melon). 

Ghana (Gram). 

Chawal (Bice). 

Chena (Small millets). 

Chick pea (Gram). 

Chillies, 229. 

Cholam (Sorghum). 

Cicer amietmum (Gram). 
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C — contcl, 

Cltmllus vulgaris (Melon). 

Ciirus aurantium {OraiigeX 
Citrus medic a (Lime). 

Cocoanut Palm, 207. 

Cocos micifera (Cocoanut palm). 
Coffea arabica (Coffee). 

Coffee, 235, 2i4. 

Colza, Indian (Mustard). 

CofchoTus, spp. (Jute). 

Corn (Maize). 

Cotton, 89, 195, 205, 212, 222, 245. 
Crotalariajwicea (Sann Hemp). 
Cucumber, 164, 201, 205. 
Cucumis> spp. (Melon). 

Cucurhita, spp. (Pumpkin). 


D 

Darim (Anar). 

Bkan (Rice). 

Biveli (Castor). 

Doliclios labial) (Val). 
Budhi, 204 (see Gourd). 


Eggplant (Rrinjal). 
Erandi (Castor). 

neriifolia^ 75, 


Ganja, 146. 

Ganna (Sugarcane). 

Gebun- (Wheat). 

Ghau (Wheat). 

Gingelly (Til), 

Ginger, 168. 

Qiycim his^ida (Soy Bean). 
Gohhi (Cabbage). 
Grossy^iumi spp. (Cotton). 
Gourd, 164, I7l, 201. 
Gram, 145, 191, 222. 
Great Millet (Sorghum). 


Q — Qontd. 

Groundnut, 147, 195, 229. 
Guava, 180. 

Gur began (Tomato). 


H 

SeliautJius annum (Sunflower). 
Helianthus tuherosus (Artichoke). 
Hemp, Indian (Ganja). 

,, Roselle (Ambadi). 
Sihiscus cannahinus (Ambadi). 
Hibiscus esculcntus (Bbindi). 
Hibiscus, Garden, 106, 205. 
Holly boek, 98. 


I 

Ikh (Sugai’cane). 

Indian Colza (Rape). 

Indian Hemp (Ganja). 

„ Bean (Val). 

Indigo, 146, 150,202,203, 239. 
Indigofe^^a (Indigo). 

Ifomcsa batatas (Sweet Potato). 
Italian Millet (Kangni). 


Jai (Oats). 

Jinjeli (Til). 
Jowari (Sorghiun), 
Juar (Sorghum). 
Jute, 151, 195. 


K 

Kaddu (Dudhi). 

Kakun (Kangni). 

Kamhu (Bajra). 
Kamila-nimhu (Orange). 
Kangni, 232. 

Kapas (Cotton). 
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K.^conU» 

Karbuz (Melon). 

Karela (Goard). 

Karva nimbu (Lemon). 
Khajnr (Toddy Palm). 
Kumra (Melon). 

Eutki, 206. 


N 

Narange (Orange). 

Nariyal (Cocoannt Palm). 
Nkotima, spp. (Tobacco). 
Ml (Indigo). 

Nimbu (Lime). 


Lady’s Pinger (Bbindi). 
Lagenaria vulgaris (Diidlii, Gourd). 
Lahi (Rape). 

Lalgachb (chillies). 

Lai mircb (chillies). 

Lemon, 174. 

Lime, 174. 

Lab-lab Bean (Val). 

Loquat, 180. 

Lucerne, 146, 191. 

Zuffa acutmgula (Turia). 


M 

Maize, 112, 113, 125, 146, 222, 235, 
239. 

Makai (Maize). 

Mangifera indica (Mango). 

Mango, 170, 229, 231, 241. 

Matar (Pea). 

Mat-kalai (Groundnut). 

Medicago sativa (Lucerne). 

Melon, 164,171,201. 

Millet, Great (Sorghum). 

„ Bulrush (Bajra). 

„ Small, 1 17, 198, 200, 222, 236. 
MircM (Chillies). 

Mitha kaddu (Melon). 

Mitha ak (Sweet Potato). 

Momordica charantia (Gourd). 

Mung phalli (Groundnut), 

Mula (Radish). 

Mulberry, 248. 

Mung, 149. 

Mustard, 152, 203, 236, 239, 


Oats, 222. 

Ochro (Ehindi). 

Opium, 145, 146, 191, 222. 
Orange, 174, 241. 

Or^m sativa (Rice). 


Palmyra, 207. 

Palms, 207. 

Pan (Betel vine). 
jPanicumi spp. (Small millets). 

„ frumentaceum (Sama). 
„ miliare (Kutki). 
Papaver somniferum (Opium). 
Pat (Jute). 

Patsan (Ambadi). 

Peach., 170. 

Pea, 191. 

Pea, Pigeon (Tur)* 

Pennisetum tgplioideum (Bajra). 
PJiaseolus radiatus (Mung), 
Phcenix sglvestris (Toddy Palm). 
PhgsaHs jaermiam (Tipari). 
Phunt (Melon), 

Pigeon Pea (Tur). 

Piper hetel (Betel vine). 

Pisnm spp. (Pea). 

Pitwa (Ambadi). 

Pomegranate (Anar). 

Popat (Yal). 

Poppy (Opium). 

Posta (Opium). 

Potato, 168, 246. 

Pmica gramtum (Anar). 
Prmus persicce (Peach). 
Psidium guama (Guava). 
Pumpkin, 164, 206. 
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Radish, 15S. 

Rahar (Tnr). 

Rai (Mustard). 

Ram kurthi (Soy bean). 

Bam turai (Bhindi). 

RapQj Indian, 152, 235, 239. 
EapJianm sativus (Radish). 
Ratala (Sweet Potato). 

Ripe, 114, 128, 203, 206. 
Bioinus communis (Castor). 
Roselle Hemp (Ambadi). 


Sacckarum ojzcinarum (Sugarcane). 
Safed-kaddn (Pumpkin). 

Safra kumra (Melon). 

Sanaa, 117, 119. 

Sanai (Sann Hemp). 

ann Hemp, 148, 195, 203. 

Sanwa (Sama). 

Sarson (Mustard). 

Sawan (Sama). 

Sem (Val;. 

Sesamum indicum (Til). 

Seiaria italica (Kangni). 

Shakkarkand alu (Sweet Potato). 
Shama/Kutki). 

Sherdi (Sugarcane), 

Sheria (Ambadi). 

Shim (Valj. o 

Siddi (Ganja). 

Sita pbal (Melon). 

Solamm melongem (Brrnjal). 
Solanum tuherosum (Potato), 
Sorghum, 123, 125, 206, 222, 226, 
235, 239. 

Soy Beau, 150. 

Sugarcane, 120, 123, 125, 222, 229, 
241. 

Sunflower, 146. 

Supari (Betel Nut Palm). 

Suraj mukhi (Sunflower). 

Surthi (Tobacco), 

Sweet Potato, 163, 202. 


Tag (Sann Hemp). 

Tamakhu (Tobacco). 

Tambuli (Betel vine). 

Tarbuza (Melon). 

Til, 169, 195. 

Tipari, 185. 

Tobacco, 145, 156,191, 195,222, 
227. 

Toddy Palm, 207. 

Tomato, 146. 

Torai (Rape). 

Triticum sativum (Wheat). 

Tur, 140, 144, 239. 

Turia, 171, 204. 

Tuver (Tur). 


U 

TJri (Rice). 

Us (Sugarcane). 

TJfch (Sngarcane). 


Val, 140, 161. 

Van (Kutki). 

Yengan (Brinjal). 

Yilayati baigan (Tomato). 


W 

Wheat, 114, 122, 203, 222, 229, 239. 


YeUn(Til). 


Zea Mays (Maize). 

Zingiber Officinare (Ginger), 
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